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IN THE SENATE OF THE UNITED SraTzs, 

‘ebruary 3, 1881. 

The following resolution tvas agreed to by the Senate, January 25, 1881, and con- 

curred in by tbe House of Representatives, February 3, 1881: 

Resoived by the Senate (the House of Representatives concurring), That fifteen thousand 

five hundred and sixty copies of the Report of the Smithsonian Institution for the 

year 1880 be printed ; two thousand five hundred copies of which shall be for the uso 

of the Senate, six thousand and sixty copies for the use of the House of Representa- 

tives, and seven thousand copies for the use of the Smithsonian Institution. 

Attest : 

JNO. C. BURCH, 

Secretary. 



LETTER 

FROM THE 

SECRETARY OF THE SMITHSONIAN INSTITUTION, 
ACCOMPANYING 

The annual report of the Board of Regents of that Institution for the year 
1880. 

JANUARY 19, 1881.—Ordered to be printed. 

SMITHSONIAN INSTITUTION, 
Washington, January 19, 1881. 

GENTLEMEN: In behalf of the Board of Regents, I have the honor 

to submit to the Congress of the United States the annual report of the 

operations, expenditures, and condition of the Smithsonian Institution 

for the year 1880. 

I have the honor to be, very respectfully, your obedient servant, 

‘SPENCER F. BAIRD, 

Secretary Smithsonian Institution. 
Hon. WM. A. WHEELER, 

President of the United States Senate, and 

Hon. 8. J. RANDALL, 

Speaker of the House of Representatives. 
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ANNUAL REPORT OF THE SMITHSONIAN INSTITUTION FOR 
THE YEAR 1880. 

CONTENTS. 

1. Annual report of the Secretary, giving an account of the operations 

and condition of the Institution for the year 1880, with the statistics of 

collections, exchanges, &e. 

2. Report of the Executive Committee, exhibiting the financial affairs 

of the Institution, including a statement of the Smithson fund, the re- 

ceipts and expenditures for the year 1880, and the estimates for 1881. 

3. Proceedings of the Board of Regents for the session of January, 

1881 

4. General appendix, comprising a record of recent progress in the 

principal departments of science, and special memoirs, original and 

selected, of interest to collaborators and correspondents of the Institu- 

tion, teachers, and others engaged in the promotion of knowledge. 
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REPORT OF PROFESSOR BAIRD. 
SECRETARY OF THE SMITHSONIAN INSTITUTION, FOR 1880. 

To the Board of Regents of the Smithsonian Institution: 

GENTLEMEN: I have the honor to present herewith a report of the 

condition of the Smithsonian Institution for the year 1880. 

As heretofore, in addition to matters pertaining strictly to the Smith- 

sonian Institution, I shall give an account of the operations connected 

with the National Museum, placed by Congress in charge of the Smith- 

sonian Institution, as well as of those of the United States Fish Com- 

mission, of which the present Secretary is the chief officer. 

THE SMITHSONIAN INSTITUTION. 

INTRODUCTORY. 

In the report for 1879 the announcement was made of an appropria- 

tion by Congress for the purpose of constructing a new building for the 

service of the National Museum, and of the commencement and rapid 
progress of the work upon the same. I now have the pleasure of stat- 

ing that the work has been in the greater part completed during the 

year 1880, and that a portion of the building is already occupied for its 

legitimate objects. 

The details of progress and completion will be given in full in the 

report of the building committee and of the architect, to which I would 

refer. It will be sufficient to say here that the work has all been done 

within the estimates, and that it promises to be even more suitable to 
its purpose than was anticipated. All the requirements in regard to 

light and heat are fully met ; and in this respect, and in that of its slight 

cost in proportion to the space obtained, the building iS believed to have 

no parallel in the country. Including the building proper, the steam 

heating apparatus, the gas and water fixtures, and all their accessories, 

the cost has amounted to less than $3 per square foot of ground floor, 

and to about 6 cents per cubic foot of entire capacity. 

Another noteworthy event of the year has been the election of Mr. 

James A. Garfield, one of the Regents of the Institution, to the office of 
President of the United States. 

8. Mis. 31——1 
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MEMORIALS. 

Statue of Professor Hexry.—The annual meeting of the Board of Re- 
gents was held on the 17th of January, at which time the usual reports 

of the year 1879 were presented. Prior to that date a bill had been 

introduced into the Senate by Mr. Booth, a Regent of the Institution, 

providing for the erection in the grounds of the Smithsonian Institution 

of a statue of Professor Henry. This, in a somewhat modified form, 

passed the Senate and House and became a law by the signature of the 
President on the 1st of June, 1880.* 

The total appropriation was $15,000, and it was agreed that one-fourth 

should be paid on the completion of the design, one-fourth on the com- 

pletion of the model in clay, one-fourth on the completion in bronze, 

and the remainder on the placing of the statue in the Smithsonian 

grounds. 

Memorial representations of Professor Henry.—The Institution is in- 

debted to Mr. I’. Gutekunst, of Philadelphia, for copies of an excellent 

phototype of the late Secretary, Professor Henry, copied from a photo- 

graph taken by the same artist during the time of the Centennial Exhibi- 

tion. The portrait is a mechanical imprint of cabinet size, a close re- 
production of the original photograph. 

Although a partial account of various portraitures of Professor Henry 

was given in the last annual report, it may not be improper, with the 

view of making the record more complete, to repeat those formerly men- 

tioned, as well as to indicate additional likenesses. 

Of original photographs, there are one small front face (carte size) by 

H. Ulke; one profile head (carte size) by T. W. Smillie; one small size, 

fallieneens standing, by the same; one jront view of hea and bust, cabi- 

net size, by the same, and one, imperial size, by the same; one, carte 

size, and four different views, cabinet size, by M. B. Brady, of Wash- 

*TIn view of the adjournment of the Board of Regents at the time of the passage of 

the law, it was impossible to take any formal action in the matter: but in the exer- 

cise of its general discretion, the executive committee entered into correspondence with 

Mr. Story, the artist designated in the act as the seulptor, and obtained from him his 

acceptance ofthe trust, and some suggestions as to the design and the general condi- 
tions of carrying it out. 

As the executive committee was doubtful as to its authority to carry out fully the 

wovisions of the proposed agreement with Mr. Story, the members of the Board were 

communicated with by letter and their assent obtained to such action as the com- 

mittee might deem best in the premises. 

It was therefore thought best to make a provisional ratification of the agreement 

with Mr. Story, the session of Congress in the beginning of December rendering it 

pessible to obtain the action of the Board before anything could be done by the sculp- 

tor. A meeting of the Board therefore, was held on the 8th day of December, 1880, 

and the action of the exce utive committee was approved and authority given to carry 

jt into effect. A dispatch was sent by Atlantic cable to Mr. Story, and the work, ac- 

cording to a recent communication from Hon. George P. Marsh, United States minis- 

er at Rome, Mr. Story’s place of residence, is progressing satisfactorily. 
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ington; two, cabinet size, by A. Gardner, of Washington; three, cab- 
inet size, by S. M. Fassett, of Washington; and one of cabinet size and 

one of imperial size, both by F. Gutekunst, of Philadelphia. 

Of crayon heads of life size, there are one by H. Ulke, from an oil 
pertrait by the same; one by Mrs. Fassett, from a portrait by S. M. Fas- 

sett; one by Mrs. MeG. Dayton, from a photograph by Fassett; one by 

R. Reichmann, from a photograph by T. W. Smillie; and one by A. J. 

Janvier, from a photograph by M. B. Brady. 

Of wood-cuts, one was published in an “Account of the Smithsonian 

Institution,” by W. J. Rhees, Washington, 1855; and one in Harper’s 
Weekly of June 1, 1878, accompanying an obituary notice. 

Of engravings on steel, one was produced by L. L. Punderson, from 

a painting by Mooney, and published at Boston in the Annual of Sci- 

entific Discovery for 1852; one was engraved by G. R. Hall, from a 
photograph, and published at New York in the Helectic Magazine for 

March, 1875; one was engraved by 8S. Hollyer, from’ a photograph, and 

published at New York, in Appleton’s Annual Cyclopedia for 1879; 

and one of small size, vignette, was engraved by the Bureau of En- 

graving and Printing of the Treasury Department, at Washington, 1880, 

for publication in the Memorial volume ordered by Congress. 

Of oil paintings, of bust or half-length life size, one was painted by H. 

Ulke, of Washington; one was painted by W. Ingalls; one by Thomas 

Le Clear, of New York; and one by Theodore Kaufmann, of Washington. 

Of busts in plaster, one of small size was modeled by C. W. Burton, of 

Washington; one of life size by Clarke Mills, of Washington; one of 

life size by Fisk Mills, of Washington; and one of life size by Mrs. 

©. S. Brooks, of New York. 

In the last report it was stated that Congress had authorized the 

printing in one volume of the memorial services held in honor of Pro- 

fessor Henry in the House of Representatives on the 16th of January, 
1879. Of this volume a large edition was ordered; and after various 

delays, beyond the control of the Institution, it will secon appear in a well- 

printed form, accompanied by an excelleht portrait engraved by the 

Treasury Department. There has been a great demand for this work 

from all quarters of the country, and copies of it will be placed in all 

the principal libraries at home and abroad. 

Smithsonw’s Effects.—By the 6th section of the organizing act of Con- 

gress of August, 1846, it was provided that “the minerals, books, mann- 
seripts, and other property of James Smithson, which have been received 

by the Government of the United States, and are now placed in the 
Department of State, shall be removed to said Institution, and shall be 

preserved separate and apart from other property of the Institution.” 

The books belonging to the founder of the Institution have been cata- 

logued and placed in a handsome walnut case with plate-glass front. 

They consist of 45 duodecimo, 110 octavo, and 26 quarto volumes, many 

of them in a worn, and a few ina dilapidated condit on. It has been 
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thought proper, however, to leave them exactly as they were when form- 
ing the library of Mr. Smithson. 

Such of the relics of Smithson and his family as have come into pos- 

session of the Institution have also been appropriately arranged in frames 

and placed on exibition in the Regents’ room. They consist of the follow- 

ing articles: Pe 

1. An oil portrait of Smithson as an Oxford student. 

2. An oil portrait in miniature of Smithson, painted by Johns, at Aix- 
la-Chapelle, in 1816. 

3. An oil portrait in miniature of Col. Henry Louis Dickinson, a half- 
brother of James Smithson. 

. The dinner invitation card of Smithson. 

. His visiting card, used in Paris. 

. A copy of his will in his own handwriting. 

. A manuscript in his handwriting. 

. A commission from George III to Major Henry Louis Dickinson, 

as Lieutenant-Colonel, dated 1st Jan., 1800. 

9. A commission from the same King to Lient.-Colonel H. L. Dickin- 

son, as Colonel of the 84th Regt., dated 4th Aug., 1808. 

Smithson’s Tomb.—Itis, of course, eminently proper thatthe Smithsonian 

Institution should do all in its power to preserve the remembrance of its 

great founder, Mr. James Smithson; and an endeavor toward this end has 

been made by the publication of a Life of Smithson and a reprint of all 

his works. In the efforts to obtain a memorial of some kind of the last 

resting place of Mr. Smithson, at Genoa, in Italy, a photograph of the 
tomb was obtained from Mr. Hazelton, the United States consul in. 
that city, with a statement of its present condition. In accordance 
with a suggestion from him he was authorized to put the monument 
in thorough repair and to arrange to have it kept in good condition at 
the expense of the Institution. The monument is an appropriate and 
substantial one, and as long as the Institution is in existence this 
reminder of its founder should be carefully protected. 

INAUGURAL RECEPTION. 
teference should be made to the granting of the use of the new Museum 

building for the purpose of holding the inaugural reception in honor of 
the newly-elected President. A petition to that effect, from a committee 
of citizens of Washington, was presented at a meeting of the Board on 
the 8th of December, and the following resolution, granting the request, 
was passed : 

‘Whereas the new Museum building is unfinished and not ready for 
occupancy of the government collections, and whereas such a contin- 
gency will not again occur, and no precedent is to be given for the use 
of the building for other purposes: 

“fesolved, That the use of the new National Museum building be 
granted for the inaugural reception of the President of the United 
States, on the 4th of March, 1881, and that the Secretary of the Smith- 
sonian Institution be authorized to make all necessary arrangements 
for this purpose.” 

N21 Ol > 
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Subsequently application was made to the Institution by several 

other committees for the use of the building after the inaugural recep- 

tion on the 4th of March. These were all refused, although the objects 
in view were praiseworthy in themselves. 

FINANCES. 

General Condition.—lIt is believed that the finances of the Institution 

have never been in amore favorable condition than they are at the pres- 
ent time.* 

As the income of the Smithson fund is a definite one and can be 

calculated upon alinost to a cent, year by year, it is, of course, practicable 

to estimate the expenditures with much precision. Nothing but some 

calamity, such as the destruction or serious injury of the building, is 

likely to involve an outlay that would seriously interfere with the general 

programme for the year. ; 

Under the general limitations of the appropriations made by the 

Board of Regents, for the different classes of expenditure, it is, of course, 

a matter of proper business management to incur no liabilities for the 

year beyond those that the fund is able to meet; and a strict adher- 

ence to this rule has prevented any embarrassment in regard to pay- 

ments. There has been no indebtedness at the end of the year except 

that for some incomplete publications, and for which the necessary pro- 

vision had been made. 

Reference has been made in this report to several bequests, by which 

the principal of the fund has been increased, the first of these being 

that of Mr. James Hamilton, of Carlisle, which, amounting to $1,000 

was added to the principal of the Smithson fund in the United States 

Treasury. 

Hiabel Bequest—An account was given in the last report, of the 

bequest of $402.59 to the Smithsonian Institution by Dr. S. Habel, of 

New York. By authority of the executive committee, the sum of 
$97.41 was appropriated from the annual income of the Institution and 

added to the above in order to make up the amount of $500. This 
was then deposited in the United States Treasury to the credit of the 
Smithsonian endowment, under the provisions of law. 

The Habel bequest thus slightly enlarged and added to the Hamilton 
fund of $1,000, making the sum of $1,500, will yield annually at 6 per 
cent. an income of $90. It is proposed to devote this special income to 
the prosecution of ethnological and archzxological research. 

The funds of the Institution now in the treasury, according to the 
report of the executive committee, amount, with these two bequests, to 

*The endowment (referred to elsewhere) is for the most part in the U. S. Treasury, 
where the principal can never be touched, and it yields an annual interest of six per 
cent. A small portion is invested in Virginia State securities. 
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$651,500, leaving a balance of $348,500 necessary to make up the million 
dollars authorized by Congress as its perpetual endowment. It is very 

much to be hoped that some of our wealthy men may feel inclined to 

contribute a part or even the whole of this sum, as it is believed that 

no more desirable contribution to science and education could be devised. 

The machinery of the Institution is extensive enough to administer a 

much larger amount than it at present possesses, so that no part of such 

contribution would be required for salaries, rent, or other attendant 
expenses. It may safely be said that the addition of one-half to the 

present fund would at least double the efficiency of the Institution in 

carrying out its mission of the “increase and diffusion of knowledge 

among men.” 

Relation to the National Museum.—It is, of course, fully understood 

that while the Smithsonian Institution is supported and administered 

at the expense of the Smithson endowment, the cost of carrying on the 
National Museum is necessarily defrayed entirely by Congressional 

appropriations. Although the estimates presented by the Institution 

from time to time as desirable for the prosecution of the work have 

sometimes been reduced by the Congressional committees, there is no 

reason to complain of the feeling of Congress toward this interest, and it 

is confidently believed that as the plans in regard to the reorganization 

of the Museum in the new building are carried out a cordial support 

will be extended in the future. The appropriations required for the 

maintenance of an establishment five times as great as the present one 

must necessarily be largely increased, although not in proportion to its 

expansion. It is evident that to supply a building covering two anda 

half acres of ground with cases willrequire a large expenditure of money 

until they are completed. It is estimated that the cases needed will 

in a continuous line extend a mile and a half; and of course several 

years will be required for their proper construction. After this the cost 

of the Museum will be essentially that of maintenance only, and be 

reduced much below the figures for the fiscal year of 1881. 

BUILDINGS. 

Smithsonian Building.—The disastrous fire which destroyed a large 

portion of the roof and upper story of the Patent Office building in the 

summer of 1877, gave rise to the formation of a commission of govern- 

ment officers, consisting of Col. Thomas L. Casey, Mr. I. Clark, and Mr. 
J. G. Hill, to inspect all buildings of the government in the city, and to 

report what measures might be necessary to better secure them and 

their contents from injury by fire. The Smithsonian building was one 

of those carefully examined by the commission, and it was recommended 
that iron doors should be placed in the passage ways between certain 

rooms. An appropriation of $3,000 was subsequently made by Con- 

gress for this purpose; and a contract for its execution was accordingly 
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entered into with Mr. George L. Damon, of Boston. After considerable 

delay in the performance of this contract, the doors were del.vered and 

put in place by Mr. Damon, to the entire satisfaction of the executive 

committee. This arrangement has greatly promoted the safety of the 

building and its contents from the risk of the spreading of any fires which 

might accidentally occur within its walls. A few additional changes 

are still desirable to give still further security to the public property 

placed in the charge of the Institution. : 

For the purpose of facilitating the operations of the freight and trans- 

portation department of the Institution, an ele ‘ator was constructed in 

1879, by which packages could be carried from the southeastern entrance 

of the building, either to the basement floor below, or to the document 

room above. During 1880, the work has been completed by the erec- 

tion of a very substantial platform outside of the door, on which boxes 

can be conveniently delivered, or from which they can be shipped. 

From the rapidly increasing ainount of transportation connected with 

the natural history operations and the scientific exchanges, every facility 

in the handling of packages, by economizing labor, becomes an item 

of importance. 
For many years a pump at the southeastern corner of the Smithsonian 

building has furnished a supply of excellent water, estéemed throughout 

the neighborhood. Although the introduction of the Potomac water 

naturally reduced considerably the demand upon this pump it was still 

constantly drawn upon by persens passing by, and was used for supply- 

ing the water-coolers in the building. A chemical and microscopic ex- 

amination of the water made during the summer showed that it was not 

entirely wholesome, in consequcnce as was thought, of the rotting of the 
inner wooden lining of the well. As a necessary step to the improve- 

ment of the sanitary condition of the water the original lining was 

replaced by one of brick. An iron pump was also substituted for the 

former wooden one. These repairs have been satisfactorily completed, 

and the water is now restored to its original quality. 

The protection of the buildings in charge of the Smithsonian Institu- 

tion and the preservation of the property contained therein require, of 

course, the vigilance of competent watchmen, both day and night. 

One of these, Mr. T. S. Nelligar, a night watchman in the new 

musetumn building, has been made a special policeman by the Board of 

police. 

The situation of the Smithsonian building, so far to the south of the 

principal avenues of travel in Washington, renders it somewhat incon- 

venient of access, especially during inclement weather. At present 

the nearest street railways are those along Seventh street and along 

Twelfth street. The completion of the new building for the ac- 

commodation of the Bureau of Engraving and Printing of the 

Treasury Department, on South B street (at the corner of Four- 

teenth street), as also of the new National Museum building, on 
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the same street (near Ninth street), occasioning a large increase of travel 
in that direction, induced the proprietors of the so-called “ Belt Line” 

of railway to memorialize Congress for permission to change the track of 

their road by extending it down Fourteenth street to South B street, 

thence along South B street past the entrance to the National Museum, 

and thence south along Ninth street to Maryland avenue, along which 

it now passes. Congress has not yet taken any action on this memorial. 

Should that body authorize the proposed change of route it will add 

greatly to the convenience of all who are interested in that line of travel. 

Armory Building.—The Armory building is still in use as the deposi- 

tory of the Centennial and other collections belonging to the govern- 

ment. These articles will be removed to the new Museum during the 

present year, but as there is no provision in this building for storage of 

boxes, packing matcrials, &c., a part of the Armory will always be re- 

quired for this purpose. It is also contemplated to use one of the halls 

or stories of the Armory for the storage ef the large amount of property 

belonging to the United States Fish Commission, and the lower flcor 

may perhaps be occupied by aquaria, hatching apparatus, &e. 

Laboratory of Natural History.—The building erected as a laboratory 

of natural history and a photographie atelier in which to prepare speei- 

mens, illustrations, W&e., for the Centennial Exhibition is still devoted to 
similar uses. A large number of photographs of fish, ethnologica, &e., 

have been made during the year by the artist of the Institution, Mr. 
“T. W. Smillie. 

Mr. Joseph Palmer and his son have continued in this building the 

preparation of plaster casts of fish, reptiles, and antiquities, and in 

another apartment these have been colored by the artist, Mr. A. Z. 

Shindler, the reproductions thus furnished being admirable fac-similes 
of the living or original objects, and attracting general commendation. 

Another large room occupied by Mr. Henry Marshall, the taxidermist, 

has mainly been devoted to the mounting of birds and mammals. 

In the new Museum building very commodious apartments have been 

assigned to the photographer and other artists, a large and well arranged 

sky-light has been provided, and everything will be done by the 

Institution to secure the best possible results with all the apparatus 

and appliances obtainable. To obtain ample working rooms in case 

of an emergency, however, the tanks, dark-room, sky-light, &c., in the 

old building will be left undisturbed so that if necessary an extra force 

of photographers may be enabled to earry on their work. 

ROUTINE WORK OF THE INSTITUTION. 

Administration.—No change has been made in the officers and assist- 

ants of the Institution since the death of the late Secretary. Mr. Wil- 

liam J. Rhees, who has been chief clerk since June, 1853, still discharges 
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the duties of executive officer with zeal, industry, and efficiency. Dur- 
ing the absence of the Secretary for several months in the year, when 

on duty connected with the United States Fish Commission, Mr. Rhees 

has been intrusted with the general administration of the business of 

the Institution; having also the charge of publications, of financial de- 

tails, of the purchase of supplies, and of the supervision of clerks and 

employés, &c. The operations connected with the erection of the new 

Museum building have added greatly to the labors and responsibilities 

of the chief clerk, as weli as of the other officers of the Institution. 

The correspondence is in charge of Mr. Daniel Leech, who has been 

in the Institution since 1867, and who has also acted as the secretary 

of the National Museum Building Commission. In both these relations 

his duties have been satisfactorily and creditably performed. 

The division of accounts has been in charge of Mr. Clarence B. Young, 
who entered the service of the Institution in 1870. To his duties as 

bookkeeper is added that of the charge of the physical apparatus, the re- 

vision of proof, mathematical calculations, and other work requiring 

skill as a computer, and knowledge of physics and technology: 

To Mr. Wm. B. Taylor has been assigned the duty of preparing re- 

plies to correspondents involving scientific details in special depart- 

ments; and he has also edited—under the direction of the special com- 

mittee of the Board of Regents—the ‘ Memorial Volume” in honor of 

Professor Henry. 

The management of the literary and scientific exchanges has been 

intrusted to Messrs. H. Diebitsch and G. H. Boehmer. The labor in 

this department has grown to large proportions, and is increasing with 

every year. 

The reception, entry, and transfer of books for the library are in 

charge of Miss Jane A. Turner, whose faithful and intelligent services 
have frequently been recognized by my predecessor. 

The translation of French and German letters and various clerical 

duties have been well performed by Mrs. L. Stoerzer, while the filing of 

letters, indexing, making out receipts and orders for books, and various 

other duties have been assigned to Miss M. E. Griffin, Miss H. de C. 
Daingerfield, and Miss I’. R. Schaeffer, who deserve commendation for 
their faithfui services. 

It is also proper to mention the fidelity and efficiency in the subordi- 

nate duties assigned them of Messrs. Henry Gass and John S. Pollock. 

Mr. Solomon G. Brown, in charge of the transportation department, 

has discharged his duties satisfactorily. 

Correspondence.—A most important branch of Smithsonian opera- 

tions is that of correspondence, which expands from year to year in the 

direct ratio of the ever widening influence and increasing activity of 

the establishment. The principal consideration, however, in this de- 

partment, is not the amount but the continuity of the labor involved, 
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since the rules of the Institution, while they insure a respectful reply 

to all communications demanding an answer, also require that each 

day’s mail shall be attended to on the day of its receipt, excepting where 

immediate action is impracticable. In other departments of the Insti- 

tution, as, for instance, that of publications, operations being more or 

less dependent upon outside agencies, there is sometimes a temporary 

respite; but in the department of correspondence this is absolutely im- 

possible. 

As during the past three years, so during 1880, the number of com- 

munications has been very great in regard to anthropology, natural 

history, mineralogy, exchanges, employment, and publications. In re- 

gard to the first of these the immediate cause has been the unprecedented 

interest awakened in the subject of anthropology by the Smithsonian 

circular to which attention was called in the report of the Secretary 

for 1878. 
As the near completion and occupation of the new building for the 

National Museum has become generally known, hundreds of colleges, 

as well as proprietors of private collections, aware that the Institution 

has only awaited the room requisite for the collation of its vast stores 

of specimens of natural history and the elimination of the duplicates 

previous to the distribution of the latter, have hastened to apply 

for a share in this material, the applications in almost every instance 

necessitating answer by reason of inquiries for information upon points 

not covered by any of the many printed circulars of the Institution. 

In mineralogy the number of applicants for information has largely 

increased during the past year. Supposed discoveries of mineral wealth 

still continue to be reported to the Institution, and specimens are for- 

warded for examination. Qualitative determinations only, however, are 

made gratuitously for individuals or for private or commercial purposes; 

but these generally suffice. In making known the results of mineral 

examinations the mineralogist presents his reports to the Secretary, on 

blanks prepared for the purpose. If approved the substance of his re- 

port is communicated by letter to the party submitting the specimens. 

The increased activity in the department of exchanges has not only 

continued, but this source of correspondence has during the past year 

proved far more productive of communications than was anticipated; 

and while the increase in the number of these has been marked, in very 

many instances their nature has been such as to call for a general review 

of the entire subject of exchanges, thus giving to the replies, on the part 

of the Institution, the character more of memoirs than of letters. This 

feature of a large part of the exchange correspondence grew out of the 

action of the Paris Geographical Congress of 1875, in recommending to 

the nations of the world the establishment of a system for the inter- 
change of the official documents of their respective governments, which 
recommendation has recently been favorably acted upon by a number 

of governments, including the United States, which has designated the 

Smithsonian Institution as its agent in the premises. 
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With reference to applications for employment, it may be said that 

while in no single year of its history could the Institution claim en- 

tire exemption from the receipt of this class of communications, the 
year 1880 marks an epoch in this respect as being the period in which 

the maximum number has claimed attention. Indeed, it is far from an 

exaggeration to say that written and oral applications of this kind 

have averaged half a dozen a day. As a majority of those in writing 

are in the nature of requests through members of Congress, or other 

persons of prominence, a double answer frequently becomes necessary, 

one to the applicant and a second to the party through whom the claim 

is presented, the latter generally necessitating a detailed explanation 

of the cause for the refusal. 

Lastly, an important part of the correspondence consists in the con- 

stantly increasing demands for the Smithsonian publications. With 

the increase of popular education throughout the land, and the springing 

up of new villages or towns, new public libraries and scientific societies 

are started, and very soon an application is made to the Smithsonian 

Institution for its publications. Applications of this kind are required 

to be entered on printed forms, and forwarded through the member of 

Congress representing the district in which the establishment is located, 

the member thus becoming sponsor for the library or society, so far 

as its existence and standing are concerned. 

The requests from individuals for publications, however, are not in- 

frequently difficult to deal with. In a country where all are equal it 

is sometimes difficult to satisfactorily explain why each individual 

cannot receive this or that publication gratis. It is often useless to 

state that the publications of the Institution are issued at the expense 

of its own fund, and not at that of the general government; that this 
fund is so limited as to forbid the issuing of more than a comparatively 

small number of copies; that with these both hemispheres must be 
supplied; that they are distributed free of expense to public libraries 

and colleges throughout the country on condition that they shall be 

accessible at all times to any who may desire to consult them; that 

to individuals, other than specialists and contributors of material for 
the national collections, they are sold at about the cost of paper and 

printing; or, that the desired memoir, or memoirs, will be cheerfully 

furnished in return for desirable objects for the National Museum. It 

might reasonably be supposed that a statement of this character would 

prove satisfactory ; but, unfortunately, this has not been our experience, 
such a result being the exception, not the rule, and shortly the demand 

is renewed through the member of Congress from the district in which 

the applicant resides. 

ASTRONOMICAL ANNOUNCEMENTS BY TELEGRAPH. 

The existing arrangements for disseminating telegraphic announce- 

ments of astronomical discoveries, particularly between America and 
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Europe, were set forth in the last report. This Institution is the center 
of diffusion throughout our own country, of astronomical announce- 

ments received by telegraph from foreign countries, and in like manner 

acts as the medium of communication of American discoveries through 

Atlantic cables to the European observatories of Greenwich, Paris, 
Berlin, Vienna, and Pulkova; from which points the information is 
spread throughout their respective countries. Through the courtesy of 

various telegraph companies, the information received from abroad is 

transmitted to the principal observatories (some seventeen in number) 

throughout the United States, and also to the “‘ Associated Press,” free of 
charge. This generous concession to the urgent needs of astronomical 

research and progress is so valuable a boon to science that it should 

annually receive a grateful and public acknowledgment. The com- 

panies to whose liberality we are thus indebted are: The Atlantic Cable 

Company, The United States Cable Company, The Pacific Cable Com- 

pany, The Western Union Telegraph Company. To these must be 

added the Northwestern Telegraph Company, which gives gratuitous 

transmission of astronomical telegrams to Northfield, Minn. 

Prof. B. A. Gould, the eminent superintendent of the observatory of Cor- 

doba, of the Argentine Republic, when making a visit lately to the United 

States on his way to Europe, had some conference with several leading 

astronomers respecting certain proposed improvements in the exchange 

of telegrams, and of the character of the abbreviations to be employed. 

These suggestions, presented to the Institution, were by it embodied in 

a circular, which was referred to the directors of the different observa- — 
tories scattered over our country soliciting their opinion as to the 

desirability of the changes proposed. Dr. C. H. IF. Peters, of the 

observatory at Clinton, N. Y., to whom the original suggestion of tele- 

graphic announcement is mainly due, was particularly desired to give 

the subject his consideration. When the various responses to these cir- 

culars of inquiry are received, it is intended to have them carefully con- 

sidered by a commission of astronomers, and the formulas which appear 

to meet the general approval wili be finally adopted as the uniform and 

permanent method of designation. 

The announcements of astronomical discoveries made during the past 

year are as follows: 

List of minor planets discovered in 1880. 

No. Name. Date. Discoverer. ae oN os Observatory. 

O12 WBosieceticsckeen Rebse) 169) Palisay go-2-2-- 25th. Pola. 
2139| Muileaee sso. ee. eps) del eetelseeeae esa: Alst. Clinton. 
OAT fac Soo 06 SqUeIDSeaaC Mar.) 1) | (Palisay==22-4-—.)|| 26th: Pola. 
2154 e@hnonepe eee == ADT a (a) ekmOrveeee eee 2nd. Berlin. 
216 | ooemeeeeeeee en ae Apt. 0) | Palisa esesece. 26th. Pola. 
17 aa eeeeeeeesee = ATE. 730) | COP oa scans = Ath. Marseilles. 
2187) 2S Eee cen 2 Sept ';4;| Palisa ..-..2le: 27th. Pola. 
PU Seas otocot oanoaeae Septal: shalisa. occa coe 27th. Pola. 
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List of comets observed in 1880. 

No. Name. Date. Discoverer. son Bs Observatory. 

Agee COMOtler ec cioe a IRS ~ AL |) Calle ses hee eel lAce soo sabe Cape Town, Africa. 
BealeCometpliies-js-s- Ath TrOn|RReN tens Chea erleleemeemeeer Ann Arbor. 
C=>|, Bayes comet ....| Aue: 92) |,A. AoCommon:..||..- <=. 255. Ealing, England. 
Dae Cometh lies ase eyo 2) lalehamyie@es See esllssoeseiaaas Strassburg. 
ee Comen (Soo 7 lUh)s TO ctealON ilies Syl bys avec sls se <== Warner Observatory. 
Hee @Omet! Vo" 2 foo Deemer bec imlorecmalincciacersas Copenhagen. 

An arrangement in regard to the exchange of telegrams of astro- 
nomical discoveries was proposed by Lord Lindsay in connection with 

the working of his private observatory of Dun Echt, in Scotland, and 
the Institution was invited to exchange therewith telegraphic commu- 

nications in regard to the discovery of comets and asteroids. After 

further conference with the director in charge of the observatory of 

Greenwich it was concluded that dispatches sent to the latter would 

answer all the purposes by simply providing for the prompt repetition 

of these dispatches from Greenwich to Dun Echt. 

EXCHANGES. 

International Bxchanges.—The system of international exchanges which 
has been successfully prosecuted for thirty years may be regarded as 

having been inaugurated by this Institution. A method of exchange 

had indeed been carried on for some years previously by Mr. Alexander 

Vattemare, of Paris, France, but on essentially different principles. Mr. 

Vattemare’s plan consisted in obtaining duplicate volumes and contri- 

butions from booksellers, literary and scientific societies, public libraries, 

and other sources, and then from the collected mass making to his 
various contributors returns, at his own discretion, of what appeared to 

him a fair equivalent. Such a method of course presupposed a great 

familiarity with the actual possessions of the various bodies in corres- 

pondence, as well as of their needs; and while undoubtedly beneficial in 

some cases, was likely to be entirely unsuccessful in others. 

The Smithsonian system consists substantially in offering to cor- 

respondents a safe and gratuitous channel of intercommunication, each 

being responsible to the other for the amount and character or value of 

the packages interchanged, the Institution assuming, between them, 
only the relation or function of carrier. It naturally happens, however, 

not unfrequently, that the Institution is requested to designate suitable 

parties to whom publications of a particular character should be sent. 

Such a request is responded to, either by furnishing such lists of names 

or societies as may be supposed to be desirable, or by undertaking the 

actual assignment of such works as are submitted to its discretion, dur- 
ing the process of making up its own packages. 
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Attention has frequently been called in previous reports to the steadily 

increasing expense attending this system of international exchanges. 

The cost of prosecuting various researches and investigations and the 

general expenses of the Institution being provided for, the residue of 

the income has usually been divided between the department of publica- 

tions and that of international exchanges. So long as the latter interest 

required the expenditure of but a few thousand dollars, a considerable 

amount was available for the former, and the Institution was thus in a 

condition to publish many important memoirs; but of late years the 

cost of maintaining the exchange system has increased at so rapid a 

rate (the expense for 1879 and 1880 having reached nearly $10,000 each 

year) that only an inadequate and continually decreasing balance is 

available for the very important department of publication of original 

contributions to knowledge. 

The official designation of the Smithsonian Institution by the State 
Department, as the American agent of international exchange has 

naturally, with the rapid extension of its operations, also added con- 
siderably to the burden of expense. 

In view of these circumstances, a communication was addressed to 
the honorable Secretary of State, some months ago, by the Secretary of 

the Institution, asking that an application be made to Congress for a 

special appropriation toward defraying the expenses of international 

exchanges, to be disbursed under the direction of the State Department. 

This favor has been promised, and it is hoped that the desired relief 

will be granted. 

As a result of the convention already referred to as held in Paris a 

few years ago, for promoting international exchanges between the vari- 

ous governments of the world, the interest and exertions in this direc- 

tion are slowly extending. In addition to the commissions and bureaus 

of Belgium, France, Holland, and the Confeder: cy of Switzerland, men- 

tioned in the last report as co-operating with the United States govern- 

ment, the Government of Brazil has since been included in the move- 

ment, and arrangements between it and the Institution have been sat- 
isfactorily adopted. A disposition to co-operate in this work has also 

been expressed by the Governments of Russia and of Italy, but no defi- 

nite arrangements have as yet been concluded by them. 

The interchange of scientific publications between the United States 

and Cuba has for a number of years been effected through the agency 

of Prof. Felipe Poey, of the University of Havana; and to that emi- 

nent naturalist, for both the extent and the efficiency of his labors, 
this Institution is greatly indebted. As the packages transmitted have 

been addressed to Professor Poey, questions have constantly arisen as to 

the duties charged to the Institution, in addition to the other cost of the 
enterprise. As it was thought unjust that the Smithsonian fund should 

be taxed with the entire expenses of this interchange, in both directions, 
while the main benefits of the transactions were experienced by Cuba, 
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the subject was referred to his excellency Senor Don Felipe Mendez de 

Vigo, minister from Spain; through whose courteous efforts, a very sat- 
isfactory arrangement has been effected, whereby the governor-general 

of Cuba, in his official capacity, takes charge of our packages and de- 

livers them to the University of Havana for distribution to their re- 

spective addresses. This arrangement constitutes in effect an additional 

link in the chain of international government agencies already referred to. 

The total number of establishments outside of the United States with 

which correspondence and exchange have been conducted amounts to 

2,602—an increase of about 129 over the list of 1879. The number of 

packages received from Europe for distribution in the United States 

during the past year amounted to 6,670; the number of packages from 

the United States received for transmission abroad has amounted to 

14,175; making an aggregate of 20,845 packages. 

The parcels received from Europe for distribution in America are gen- 

erally forwarded to their respective destinations in smaller bundles, or 

in paper wrappers. The parcels received for transmission to foreign 

countries are carefully packed in boxes. Of these, there were shipped 

during the past year 268; occupying a bulk of 1,976 cubic feet, and 

weighing 60,300 pounds. : 

As heretofore, the Institution is greatly indebted to the lines of ocean 

steamers between the United States and other countries of the world ; 
and grateful acknowledgment is due particularly to the agents of the 

following companies for the continuation of their important favors in 

the free transmission of Smithsonian packages: Anchor Steamship Com- 

pany, Atlas Steamship Company, Compagnie Générale Transatlantique, 

Cunard Steamship Company, Hamburg American Packet Company, 

Inman Steamship Company, Merchants’ Line of Steamers, Netherlands 

American Steam Navigation Company, New York and Brazil Steamship 

Company, New York and Mexico Steamship Company, North German 

Lloyds Steamship Company, Pacitic Mail Steamship Company, Pacifie 

Steam Navigation Company, Panama Railroad Company, Steamship 

Lines for Brazil, Texas, Florida, and Nassau, N. P., White Cross Line 
of Antwerp. 

The railroad companies connecting Washington and Baltimore and 

New York have also continued their favor of special rates of charges for 

freight. These are the Pennsylvania Railroad, the Baltimore and Ohio 

Railroad, and the Baltimore and Potomac Railroad. 

Acknowledgments are also due to the foreign ministers and consuls 

of the various governments, for their assistance in taking charge of the 

packages intended for the countries which they respectively represeut, 

and transmitting them with care to their destination. | 

In connection with the establishment of definite relations between 

this Institution and the French commission of international exchanges 

(a branch of the department of the ministry of public instruction), the 

French Transatlantic Steamship Company has, through its agent, M. 
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Louis de Bebian, very generously agreed to carry the packages of ex- 

change both ways free of charge, thus relieving parties on either side 

from a considerable burden, and greatly facilitating these operations. 

Statistics of exchanges during the last ten years. 

1871. 1872. 1873. 1874. 1875. 1876. | 1877, 1878. 1879. 1880. 

Number of boxes. 108 179 196 131 208 323 597 309 311 *268 
Bulk in cubic feet- 172 954 | 1,476 933} 1,503} 2,261 | 2,779 | 2,160) 2,177 1, 976 
Weight.....-. Ibs-| 28, 950 | 26, 850 | 44, 236 | 27,990 | 45, 300 | 80,750 | 99,250 | 69 220 | G9, 975 | 60, 300 

| 

Foreign institutions in correspondence with the Smithsonian Institution. 

NARI CB ye eter Dee Sie Sa ibe bs Ses etree hee eee Ie RSI eis se ee eee cere ile eee 27 

IATMOTICAT ae. .s hice Sales wis'= os a ware oseCeee ees ees oe ne os) en MERE E EE ere re eae in) 

ASIA Me Seo tae ceowcsjosie eis saisia te o ce eleme ee merece lace SECS Oe nen Meee Ce tnee See eae one 60 

NTISCEAIA Rees cic cretee sere cee eater eee iter mee eee ees pees ha a oa baal er ek ap a 64 

BUMrOpewe. cies dni ees oo ees cee Skee Eee ee eee oe eee eee eat 2, 337 

EO) B01 eee See tere Seo Ses aie et aSSoro modi. Gavog Scoccadoc Ssan ae 2 

42, G02 

Comparative table of foreign institutions in correspondence with the Smithsonian Institution 

during the last ten years. 

1871, 1872. 1873. 1874. 1875. 1876. 1877. 1878. 1879. 1880. 

1, 937 1, 985 2,145 2, 146 2, 207 2, 275 2, 330 2, 333 2, 481 | 2, 602 

Parcels received in 1880. 

For home distribution e+: 22. seco eee CORE eee arn ae eee 6, 670 

Hor distribution abroad fsec2 Laas ee cee teem See ee ee ee eee 14,175 

6) 2} eae eo rR RNR, Sep Aa oa Ae aUas Gana ods, Gat aco akse 20, 845 

Government Document Exchange.—In addition to its general function of 

intermediary between the institutions of the New World and the Old, 

the Smithsonian Institution has been for some years the agent of the gov- 

ernment for the exchange of public documents and other officia! publi- 

cations, in the interest of the Library of Congress, and under the provi- 

sions of law. By act of Congress, fifty copies of all publications of the 
United States Government, whether ordered for the use of Congress or 
of the departments, are available for distribution, under the direction 
of the Joint Library Committee of the two Houses of Congress, to such 
foreign governments as agree to make a corresponding return. These 

returns, when received, are forwarded’ directly to the Library of Con- 

*In addition to the above there are 26 boxes ready for and awaiting shipment to 
Italy. 

tA detailed list will be found in the tables of statistics. 
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gress, without being entered on the records of this Institution. A 

detailed report in an appendix, gives all the information possessed un- 

der this head, including the aggregate of such distribution, the agencies 

through which it has been effected, and the parties interested in the 

exchange. 

List of governments in exchange with the Government of the United States, 

and to whom box * N” was sent in 1880.* 

Argentine Confederation. | Wiirtemberg. Queensland. 

Bavaria. Hayti. Saxony. 

Belgium. Japan. Spain. 

Brazil. Mexico. Sweden. 

Buenos Ayres. Netherlands. Switzerland. 

Canada. New South Wales. South Australia. 

Chile. New Zealand. : Tasmania. 

Denmark. Norway. Turkey. 

France. Ontario (Canada). Venezuela. 

Germany. . Portugal. Victoria. 

Greece. Prussia. 

DISTRIBUTION. 

Distribution of Publications.—One of the operations of the Institution 

requiring constant attention and involving much labor and expense is 

that of distribution of publications. Aside from the sending of books 

and parcels through the great international exchange system there is a 

constant demand upon the institution for works it has published or those 

of a scientific character supposed to be at its disposal. These demands 

have become sonumerous and are made by so many persons unknown to 

the officers, while the supply ot books is so limited, that it became neces- 

sary to adopt a new rule in reference to distribution. Hach applicant 

jS now required to furnish evidence that he has contributed in some 

way to the library, museum, or collections of the Institution, and an ex- 
change is thus established, intended to supersede the former promiscu- 

ous method of bestowing a gift. It may be mentioned that latterly no 

jists have been kept of persons entitled to receive from year to year the 

publications or even the reports of the Institution. It is necessary that 

direct application be made by each person for any work desired. 

Distribution of Specimens.—In view of the immense mass of material 

received at the National Museum from the various government expedi- 

tions and the geological survey, as well as from the contributions of cor- 

respondents, it will be readily understood that the duplicates have ac- 

cumulated very rapidly for many years and that the proper disposal of 

this surplus has oceupied the attention of the Smithsonian Institution. 

Under the organic law the Institution is authorized to increase the 

collections of the National Museum by the exchange of duplicate speci- 

* For the Government of Italy 13 boxes (A N) are ready for shipment. 

S. Mis. 31 2 
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mens ; but only a small amount is conveniently disposed of in this man- 

ner, and by far the greater proportion is issued without any expecta- 

tion or desire forareturn. The table appended to this Report will show 

what has been done up to date, as the distributions of the year 1880. 

The distributions indicated have represented a fair average for the 

year 1880. It is expected that in the year 1881, the amount will be 

vastly increased by the disposal of the Centennial collections, which 

have been so long stored in the Armory building, and which it is ex- 

pected will soon be transferred to the new Museum building, just com- 

pleted. These objects will be principally those relating to the mineral 

kingdom, the ores and building stones being in the largest proportion. 

Applications for collections from establishments not well known, are 

usually referred to the member of Congress in the district in which the 

applicant belongs, and an expression of opinion is invited as to the char- 

acter and standing of the same. 

Asa general rule, no specimens are sent away without being authori- 

tatively and accurately labeled by an expert, so that they become stand- 

ards of reference. 
LIBRARY. 

The additions to the library of the Institution through its system of 

scientific exchanges, continue to be very large. During the past year, 

the books, pamphlets, and charts received, have amounted to 8,570 

pieces; a portion of which consists of parts or continuations of volumes, 

such as the current proceedings and transactions of learned societies, 

and the accessions to established scientific journals. Making due allow- 

ance for such fragmentary continuations, the whole number of complete 

volumes may be estimated at 6,000 titles; of which by far the greater 

portion has been as usual transferred to the custody of the Library of 

Congress, where they constitute an important section of the great 

national collection. 

In this statement is not included the large number of volumes received 

under the arrangement for international government exchanges, and 

sent directly to the Library of Congress without being opened or eata- 

logued at the Institution. hs 

Statement of the books, maps, and charts received by the Smithsonian Insti- 

tution during the year 1880, and transferred to the Library of Con- . 
gress. 

Volumes: 

Wctavo Orsmaller: c'o0...cc-4- sack soe 2 a4): eee ears 806 

Quarto or larger: 2.22 s eek oe Re aterse RE ae nate Semen 
—— 1,143 

Parts of volumes: 

Octavo or smaller ..... Eee ce He misheh th, « isete eee geek ody O77 
Quartoror larger: ioosst i ocmictien . ete ne ¢ ocaeieraeete 2, 603 
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Pamphlets: 

Octayolor, smallers2e esas ee piven heey ot eteh ae S618 

@uartovor larcer. o2<ticeks sis ces ce se ehartese A ag! ATT 

2, 095 

Maps and charts..,..-... May toa ee Sa owe tetmays ees Teese 152 

Potal. salen Wetahers sete 3 ister afehs anki cuysy ea arava 8, 570 

The Institution has received from Mr. John T. Fisk, president of the 
American Industrial Deputation, at Puebla, Mexico, through his excel- 

lency the Mexican minister, a very handsomely bound volume of small 

size, of Prayers and Devotions, in the Spanish language. The binding 

of this book is quite unique, the sides and back being covered with 
highly polished plates of Mexican onyx, cemented upon a purple silk 

cover, which is exposed only in the groove forming the flexible joint be- 

tween the sides and the back. The front plate (four and a half inches 

long, by two and seven-eighths inches wide, and probably about three- 

sixteenths of an inch at its middle, gently rounding and thinning toward 

its edges) is of a delicate mottled pink color, and is embellished with orna- 

mental engraving filled in gilt. The corresponding plate forming the 

opposite cover is, of course, of exactly the same size; but it is of a deli- 

cate mottled green color: its ornamentation is similar to that of the front 

side, though of a different design. The back of this curious volume is 

entirely covered with a finely polished piece of delicately mottled blue 

Mexican onyx, without ornament, nearly one inch in width, which has 

been laboriously and skillfully hollowed ont to conform to the rounded 

back of the volume. On the front fly-leaf of the book the following in- 

scription is written: “The Very Rev. Monsignor Eulagio G. Gillou, do- 

mestic prelate of the Pope, to the American Industrial Deputation, on 

its visit to this city, presents this small token of the mineral produce 

and industry of the State: it contains, besides, specimens of Mexican 

poetry; with the request that it be placed by its distinguished president, 

Mr. John Theo. Fisk, in some public institution of the United States 

for the inspection of its citizens and artisans.” 

The Institution has also received, through the honorable Secretary of 

State (by official letter of the department dated December 3, 839), 

from the international exhibition commission of Sydney (N. 8. W.), 

Australia (under cover of a letter dated November 8, 1580, from R. W. 

Cameron, esq., one of the United States commissioners to said exhibi- 
tion), a specimen bronze medal of award of the said Sydney international 

exhibition of 1879. This medal, three inches in diameter and a quarter 

of an inch thick at its outer rim, presents a very fine specimen of die- 

sinking. On its obverse side, within a border bearing the legend of the 

exhibition, is represented in bold relief a female figure, standing, sur- 
rounded by emblems of the arts, supporting with her left hand a shield 

bearing the arms of the province, and extending with her right hand 

the victor’s laurel wreath, while in the rear is shown in low reliet the 
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exhibition building. On its reverse side an elaborate floral wreath com- 
prising native products forms the embellishment. 

By the transfer to the Library of Congress of the greater portion of 

the books belonging to the Smithsonian Institution, effected shortly 
after the disastrous fire of 1865, the former library room was rendered 

available for other uses. This occupation for other more pressing re- 

quirements and purposes, necessarily prevented its further employment 

as a reading room. In view of the increasing number of employés con- 

nected with either the Smithsonian Institution, the National Museum, 
or the United States Fish Commission and Fishery Census Division, it 
was thought proper to make some provision by which some of the more 

interesting domestic and foreign periodicals received might be ren- 

dered easily accessible to them. Accordingly the corridor of the east 

range of the building has been fitted up as a reading room by the erec- 

tion of reading desks on which are placed the successive numbers of 

certain serials as they come to hand. These, of course, comprise but a 

very small portion of the journals received by the Institution; a full 

list of which is given in the appendix. 

RESEARCHES. 

An arrangement was made by the Institution a number of years ago for 

the compilation of a series of tables of ascertained altitudes in the United 

States, to be collected from data derived from State and county surveys, 
and from miscellaneous surveys made in the construction of railroads, 

wagon roads, &c.; the ultimate object being the preparation of a topo- 

graphie relief model of the country. This work was put in charge of 

Mr. Walter L. Nicholson, and a considerable amount of work was ac- 

complished towards the end in view. Mr. Nicholson having, however, 

been appointed topographer of the Post-Office Department, the con- 

stant occupation of his time in the duties of his position interfered 

with the prosecution of this work, so that he was unable to complete his 

report, and for some years nothing further has been accomplished. The 

United States Coast and Geodetic Survey having had committed to it 

by act of Congress the charge of conducting a system of triangulations 

to connect the Atlantic and Pacific coasts, has requested the use of this 

material collected by the Institution with reference to elevations ; but 

its transfer to that establishment has not yet been determined on. 

A subject which has of late years attracted considerable attention 

from physiologists and others is the peculiar affection of vision known 

as color-blindness.* This defect of chromatic sensibility exists in various 

degrees, and to a much larger extent than is generally supposed ; and as 

it does not appear to be usually accompanied with other optical imper- 

fection of the eyes, many of its subjects are even unconscious of their 

deficiency in this respect. Inasmuch as danger signals used at sea, upon 

*This abnormal condition of sight is by many French writers characterized (not 

very appropriately) as ‘‘ Daltonism.” 
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coasts, on railroads, at draw- bridges, and elsewhere, are usually character- 
ized by special colors, it obviously becomes a matter of the greatest mo- 

ment to public safety that those immediately in charge of such signals, 

or appointed to observe them, should be known to be entirely free from 

any imperfection or disqualification in this direction. The subject has 

accordingly with justice assumed a character of great practical impor- 

tance. In the Smithsonian Report for 1877 the Institution published 

the translation of a paper by Prof. F. Holmgren, of Stockholm, in which 

the vital consequence of this subject in many of the vocations of life, 

and especially those connected with traveling and communication by 

sea and by land, were strongly pointed out; and to this memoir is un- 

doubtedly due in large degree the present appreciation of the subject. 

An edition of this work had been contemplated by Prof. B. Jay Jeffries, 

of Boston, who has himself conducted a very extended series of independ- 
ent researches in the same direction.* 

LABORATORY WORK. 

A large part of the time of the chemist of the Institution is occupied 

in determining the character of minerals sent to the Institution, with the 

request for information. Under arule of the Institution, of which a copy 
is herewith submitted, the examination of minerals for private parties 
and private interests is confined to a simple qualitative examination, or, in 

other words, an indication of the more important elements contained 

therein. It is a comparatively easy matter to ascertain whether a cer- 

tain specimen contains gold, silver, lead, or other metal, and examina- 

tions of this kind are made daily. In all cases, however, where an act- 

ual chemical analysis or assay is required, it is only done at the request 
or in behalf of some branch of the government, or for. some other public 
purpose ; in all other cases the applicant is referred to professional chem- 

ists for the investigation. It will, of course, be readily understood that 
if the Institution once establishes the precedent of making such assays 

and analyses, it would soon require the services of dozens of chemists, 
thus involving expense for which no adequate provision could be made, 

and interfering with the business of those who depend upon such work 

for a subsistence. 
In the report of the chemist, which is submitted in the Appendix, will 

be found a statement of the general character of the chemical work con- 

ducted during the year, among which have been quite a number of in- 

* The following memoirs on this interesting topic have been published by Professor 

Jeffries: 1. “ Dangers from Color-Blindness in Railroad Employés and Pilots,” Jan- 

uary, 1878, Boston. (From the Ninth Annual Report of the State Board of Health.) 2. 

‘‘Incurability of Congenital Color-Blindness,” a memoir read at a meeting of the Suf- 
folk District Medical Society, February 23, 1878. (Printed in the Boston Medical and 

Surgical Journal March 28, 1878.) 3. ‘‘Color-Blindness.” <A lecture on color-blindness 
and its practical relations. (Delivered April 11, 1878, before the Society of Arts, at 

the Institute of Technology, Boston.) 4. Paper ‘‘ On Color-Blindness and its Dangers 

on the Sea.” (Read before the United States Naval Institute at Annapolis, Md., 

March 3, 1880.) 
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vestigations made for the government. Perhaps the most important of 
these was the inquiry into the so-called Tichenor process of reducing 

ores of gold by the use of one of the chlorides of gold. This investiga- 

tion was made at the special request of the Commissioner of Patents, 
and conducted at the expense of the Patent Office, and an elaborate re- 
port transmitted to that officer. Very much public interest centered 

around the analysis, as the disposition of a large amount of money in 

the way of investment depended upon the decision. 

In addition to the chemical work actually performed in behalf of the 

government, the Institution is not unfrequently asked (especially by the 

Treasury Department) to nominate chemical experts for special inquiries, 

a request always promptly complied with. 

In view of the large amount and variety of analytical investigations 

continually required by the government for the faithful and intelli- 

gent administration of several of its bureaus or departments, it is much 
to be desired that a first-class laboratory, under efficient direction, 
be established in official connection with some branch of the gov- 

ernment, where all chemical work of a public character or value can 

be thoroughly executed. Questions of grave importance, and subjects 
requiring elaborate and conscientious research, are constantly being 

presented in the revenue and other branches of the public service, which 

demand precise and authoritative determination for the satisfactory 

guidance of official agents, and which should be placed under the imme- 

diate supervision of those (of whatever government bureau) charged 
with the responsibility and interested in the accurate execution of the 

work. 
EXPLORATIONS. 

Tn the summer of 1879, Mr. F. H. Cushing, the assistant in charge of 
the ethnological department of the museum, was granted leave of 

absence by the Institution for the purpose of accompanying a commis- 

sion detailed to carry on ethnological research and exploration among 

the Pueblo people of New Mexico. This expedition, in charge of Mr. 

James Stevenson, was very successful in its mission; collecting large 

numbers of specimens, an account of which was duly given in the Report 

of 1879. Mr. Cushing found the field of inquiry among the Indians so 

rich and extensive that he obtained permission to remain a longer time, 
and is still there. He has established himself with the Zuni Pueblo, 

under the special protection of the chiefs, and has gained the confidence 

of the people to such a degree as to be permitted to attend all their 

ceremonial observances, and make notes and even drawings. An inves- 

tigation into the traditions and history of the people, their manners and 

customs, their songs and dances, and their relationship to other tribes, 
has kept Mr. Cushing constantly occupied. A rich harvest of inter- 

esting discovery will undoubtedly result from his residence among these 
people. 
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Mr. Cushing has also been enabled to obtain many interesting speci- 
mens of the handiwork of the Indians, both ancient and modern, and 

has visited some of the mines from which minerals valued by them as 
precious stones were obtained. In addition to the general inquiry into 

the history of the Indians, Mr. Cushing has been instructed to take the 
census of the Zuni village, at the request of Major Powell. 

Dr. I’. M. Endlich, the mineralogist of the Institution, received, in 
January last, leave of absence, for the purpose of visiting, as an agent 

of the Treasury Department, certain sugar-producing islands of the 

West Indies and Demerara, with a view of investigating the mode of 

preparation of sugars, intended especially for exportation to the United 

States. During his stay in the West Indies, as also in South America, 

he made some interesting collections for the National Museum, among 
them specimens of curious aboriginal pottery. 

Dr. Endlich returned to Washington, after an absence of several 

months, but was occupied for some months in completing his report; 

receiving then an appointment in charge of certain mining operations 

in Arizona, he resigned his position in the National Museum. The work 

of the department of which Dr. Endlich had charge was then placed in 

the hands of Dr. F. W. Taylor of Washington, as will be seen by his 

report, given elsewhere. 

The services to natural science, of Capt. Charles Bendire, of the First 

Cavalry, have been appreciated for many years past by scientific men, 

this officer, whose military record is understood to be entirely satisfac- 

tory, devoting his leisure time to collecting specimens in all branches 

of natural history and making very full notes in regard to the man- 

ners, habits, and peculiarities of various Indian tribes. His succes- 

Sive assignments to military duty have taken him into the most 

inaccessible and least-known portions of the American Continent, in- 
cluding portions of Arizona, California, Oregon, &e., which have been 

thoroughly explored by him. Several questions having arisen during 

the year in reference to the character of certain species of salmonide 

in Oregon and Washington Territory, the acquisition of specimens of 

which was considered very desirable in the interest of fish culture and 

the fisheries, Captain Bendire expressed his willingness to undertake 

a journey to the localities involved, provided the necessary authority 

and orders could be obtained from the War Department. Application 

to General Sherman and to the Secretary of War resulted in the comple- 

tion of the necessary arrangements, by which Captain Bendire was 

instructed to prosecute some desired reconnoissances and inquiries, in 

which he would have the necessary opportunities for natural history 

research. Under this arrangement he left Fort Walla Walla with a 

portion of his command, and after an interval of several months spent 

in the field, returned with rich results, consisting of very complete col- 

lections of the fishes of the rivers and lakes of the interior of the 

country, and with other objects of natural history, which have been re- 
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ceived at the Institution and will shortly be made the subject of special 

investigation on the part of its specialists. 

Mr. F. A. Ober, whose important researches into the natural patetdey 

and ethnology of numerous islands in the West Indies have been referred 

to in previous reports, made an expedition to that group of islands. 

during the past summer, in connection with certain business enterprises. 

As before, he devoted such of his time as he could spare to. scicntific 
inquiry, and secured an excellent series of birds from several of the 

islands not previously visited. These have been duly received and 

entered in the catalogue of the Museum, making its series of West 
Indian birds by far the most complete of any in existence. It is pro- 

posed at no distant time to prepare a catalogue of the West Indian birds 

in the National Museum, with appropriate notes. 

Mr. Ober also secured important collections ofreptiles, fishes, mammals, 

and objects of archeology for the National Museum. 

In December, 1879, Prof. David 8. Jordan, of the Indiana University, 

as assistant to the United States Fish Commission and special agent 

of the Census Department, was sent to the Pacifie coast to investigate 

the fishes and fisheries of that region. Prof. Charles H. Gilbert; of the 

same institution, accompanied him as assistant. These gentlemen re- 

paired at once to San Diego, Cal., where they began work January 

1, 1880. Statistics were obtained at each of the fishing towns, and 
large collections of fishes were made in turn at San Diego, San Pedro, 
Santa Barbara, Monterey, Soquel, and San Francisco. The collection 
obtained in Monterey Bay was especially extensive, comprising nearly 

one hundred and fifty species. A stay of several weeks was made’ 

in San Francisco, after which, about May 1, Professors Jordan and 

Gilbert left for Astoria, Oreg.; here studies were made of the “spring 

runs” of salmon, which, supplemented by Professor Gilbert’s subse- 

quent studies of the “fall runs” in the various rivers, have thrown much 

light on this intricate subject. Later a visit was made to Puget Sound, 

and considerable collections were obtained at Seattle, Neah Bay, Vie- 
toria, and New Westminster. On June 15, the party returned to Asto- 

ria and soon after to San Francisco. The chief ports south of San Fran- 

cisco were again visited and large collections made. 

About September 1, Professor Jordan returned eastward, stopping at 

Lake Tahoe, Utah Lake, and Burlington, Iowa, for the purpose of study- 

ing the fisheries of these regions. Professor Gilbert returned to the Co- 

lumbia and Puget Sound to investigate the fall runs of salmon. In Novem- 

ber he left San Francisco for Mazatlan, Panama, and Aspinwall, at each 
of which places considerable time was spent and large collections made. 

Lhe chief results of the expedition may be here briefly summarized. 

1. The collection of statistics of the various fisheries along the coast. 

. The discovery of about 50 species new to science on our Pacific 

biotists and of nearly as many more on the coasts of Mexico and Central 

Benerien, 
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3. The collection in large numbers of nearly every species known on 

our Pacific coast, about 265 in all. About 10,000 duplicates from this 
collection have been already distributed to the principal museums of 

the world. 
6. The solution of many of the problems relative to the life-history of 

the salmon. 
In April, 1880, Dr. Tarleton H. Bean, one of the assistants in the Mu- 

seum, was detailed to visit Alaska to collect fishery statistics, fishes, 
birds, and such other objects of interest as could be obtained Through 

the courtesy of Capt. Carlile P. Patterson, Superintendent of the United 
States Coast and Geodetic Survey, and at the suggestion of Mr. W. H. 

Dall, who was in command of the vessel, Dr. Bean was permitted to ae- 

company the party of the schooner Yukon, and was allowed all possible 

assistance and facilities for making collections. While Mr. Dall devoted 
his leisure more particularly to the dredging for invertebrates and bar- 

tering for native implements and ornaments, he also contributed largely 

to the collection of fish and other marine vertebrates. Valuable aid was 

extended also by Capt. E. P. Herendeen, Mr. Marcus Baker, Mr. Wm. 

BE. Noyes, Mr. H. W. McDonald, and Mr. Sylvanus Bailey. 

Dr. Bean was absent from April to the middle of November, and dur- 

ing that time visited Sitka, Port Althorp, Port Mulgrave, Cook’s Inlet, 

Kodiak, the Shumagin Islands, Belkofisky, Unalashka, Saint Paul Isl- 
and, Plover Bay (Siberia), Cape Lisburne, Icy Cape, Point Belcher, 

Eschscholtz Bay, Port Clarence, Big Diomede Island, and Saint Mathew 

Island. One hundred days were spent at sea, and seventy-eight days 

in the various ports named. When it is remembered that rain pre- 

vented work to some extent while in port, it will be seen that the sea- 

son of actual collecting was short; yet the party succeeded in obtaining 

47 packages, including 32 boxes, 10 kegs, and 3 tank-boxes of natural 

history specimens. 
Upwards of 80 species of fish and 50 of birds were secured—some 

rare fishes being taken in considerable numbers with a view to their 

distribution to other museums. Of the fish Dr. Bean has already de- 

scribed 14 species as new to science—one of them representing a new 

genus. The chief value of the fish collection, however, lies in the fact of 
its including many hitherto doubtful or unknown Pallasian and Tilesian 

species. A full series of specimens was secured, which establishes the 

identity of the commercial cod and halibut of the Atlantic and Pacific 

Oceans. Not fewer than 14 species of fishes were collected that are 

common to both sides of Northern America. With the addition of this 

summer’s results, the Museum is in possession of nearly all the known 

Alaskan fishes. Eurynorhynchus pygmeus was obtained in Plover Bay, 

and information of its occurrence at Point Barrow. Larus marinus was, 

for the first time, taken in Alaska. A very large series of the great 

Unalashkan song sparrow (Melospiza insignis Baird) was brought down 

and formed the basis of demonstrating a perfect intergradation with 
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the M. melodia. Actodromas acuminata was again captured at Port 

Clarence, farther north than ever before in Alaska. 
A single reptile—a toad caught by Miss Sallie Ball near Sitka—forms 

a part of the collection. 

Mr. Dall was fortunate in procuring a nduioet skin and skeleton of the 

banded seal (Histriophoca equestris) in spite of the determination of its 
Eskimo captors to carry off at least a piece of the nose! <A very large 

number of skulls of Eskimo dog was gathered at Plover Bay. A few 

good bones of fossil mammals were brought from Eschscholtz Bay. 

On the island of Unalashka many skulls and implements of prehistoric 

Aleuts were found in cliff burial-places. At [iuliuk, Mr. Dall obtained a 

great prize in the skull of a prehistoric Aleut dog from a village-site 

near Ulakhta Head. Throughout the Territory large collections of 

implements of bone, ivory, stone, wood, copper, &e., were made, some 

of the Eskimo north of the Arctic Circle furnishing many really valu- 

able articles of ivory and stone. 

Dr. Bean is now preparing a detailed report upon the fishes; and this, 

in connection with some notes on the birds, and lists of the coleoptera, 
lichens, &c., will form material for a Bulletin of the Museum. . 

Mr. H. H. Rusby, a well-known botanist of New Jersey, has been en- 
gaged for some time in investigating the botany, natural history, and 

archeology of New Mexico, and it gave the Institution much pleasure 

to be able to obtain for him certain facilities from the War Depar tment, 

to aid him in his researches. His special attention has been given te 

botany, and he has already addressed to the Institution a number of 
interesting collections in this department. In archeology his prinei- 

pal work has been the investigation of a cave, near Silver City, New 

Mexico, filled with aboriginal relics, many of which he has succeeded in 

securing. None of these collections have, so far, come to hand; but 
they will probably be received in the early part of 1881. Mr. Rusby, 

with the true zeal of the explorer, finding his means inadequate to the 

carrying out of his plans, entered into certain business relations with 

parties in New Mexico, by means of which he earned enough to con- 

tinue his labors. 
An exploring trip to the remarkable natural cave at Luray, in Virginia, 

was made by a party from the Institution in the month of July last. An 

account of this visit is given in the General Appendix to this Report. 

Ever since the return of the schooner Florence from her expedition to 
Arctic America, Captain Howgate, of the Signal Office, has been en- 
deavoring to secure the interest of Congress in a second expedition; 

and to that end he purchased in Scotland the steamer Gulnare, and had 
it brought to Washington and placed in a condition of thorough repair. 

Additional timbers were placed in the vessel and it was overhauled and 

placed in an effective condition. 

In connection with the same enterprise Congress passed a law author- 

izing her acceptance, by the Navy Department, and her equipment for 

the purpose, should she be considered seaworthy. The Secretary of 
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War was also authorized to make a detail of officers and men from the 

Army, to accompany the expedition. The plan of operations was to 

send the vessel to Lady Franklin Bay, with a shore party, which was 

then to be landed and to be provided with houses on shore, the vessel 
herself returning to the United States for additional supplies. ‘The War 

Department did its part, by detailing Lieutenant Doane and a number of 

men for the purpose in question, the general supervision being placed 

in charge of the Signal Office. A critical inspection of the vessel was 
made by the several bureaus of the Navy Department, and after a careful 

consideration she was declared to be not sufficiently reliable to be ac- 

cepted and the Secretary of the Navy declined to take the responsibility 

of forwarding her on the voyage. In this emergency Captain Howgate 

himself provisioned the vessel and furnished the necessary commander 

and crew, and she started on her journey via Newfoundland. Severe 

storms, however, were encountered and her boilers became so injured 

as to require repair in Newfoundland. She experienced numerous mis- 

haps, some of which greatly injured the vessel itself and rendered the 

further prosecution of the enterprise inexpedient. The vessel accord- 
ingly returned to Washington with the party, and the expedition was 

practically abandoned for the present. Dr. Pavy, the surgeon and 

naturalist of the expedition, and one other, however, remained in Green- 
land to carry on independent researches. 

Captain Howgate, with his usual appreciation of all branches of science, 

invited the Institution to furnish a collector to the expedition, promising 

to supply the necessary quarters and subsistence. It was, however, 

found impossible, in the brief notice given, to secure the services of a 

competent person, and nothing was done beyond supplying some ap- 

paratus for deep-sea research. 

PUBLICATIONS. 

The activity of the Institution is more marked and its influence more 

extended through its publications than by any other of its agencies for 

the increase and diffusion of knowledge among men. However useful 

and important its researches, explorations and collections, these would 
be very limited in advantage to the public were it not for the dissemina- 

tion of the new truths discovered and the facts collected through the 
various classes of publications carried on by the establishment. These 

publications are growing in number, size, frequency of issue, and value 

every year, and more has been done in this way in 1880 ee during 

any previous period. 

For many years past the Saaenent Institution has been in the 

habit of having all its memoirs (both octavo and quarto) stereotyped, 

as thereby the number of copies of any memoir required for the use of 

the public could be conveniently regulated. The demand by the public 

(beyond the regular supply of everything to a definite number of insti- 

tutions) being very unequal, there was danger of printing either too 
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many or too few. This induced my predecessor, many years ago, to 
order that everything published by the Institution should either be elec- 

trotyped or stereotyped, and the first edition for miscellaneous distri- 

bution of 250 copies was generally printed. If more than this was 

required a second and a third edition of similar extent were ordered. 

In this way the expense of an investment in paper and printing, as - 

well as an inconvenient and possibly dangerous accumulation of mate- 

rials in the building, was avoided; and it has now become possible to 
keep down the stock to the minimum. The stereotype and electrotype 

plates have usually been kept in the basement of the building; but for 

the greater convenience of reference and transfer to the printer when 

required, they have been arranged during the year in a large fire-proof 

room in the upper stories of the south tower. 

By far the largest proportion of electrotype plates have been stored 

in Philadelphia in a portion of the building of the Academy of Natural 

Sciences of that city, and under the charge of the printers of the Insti- 

tution, the T. K. Collins establishment. The Institution is under great 

obligations to the Academy for permission to occupy so much of its 

basement and for allowing, at the same time, free access to it by the 

agents of the Institution. 

Index to Smithsonian Publications.—In the constantly-increasing mass 

of serial publications the general titles of which express but indefinitely 

the character of their contents, the preparation of special indexes has 

become a matter of great importance; and within the last twenty years 

quite a number of such publications have been made; one of these, of 

the most importance, namely, the Index of Periodical Literature, by Mr. 
Henry Poole, has been of very great assistance to students and investi- 

gators, and a still more elaborate system of indexing has lately been 

carried out. An association of persons familiar with this kind of work 

has been formed for the purpose of continuing this series of indexes. 

Two propositions have been made to the Institution to prepare a full 

digest of all the papers it has published. 

Such a bibliography has, however, been in preparation by the Institu- 

tion for some time past. Mr. Boehmer, one of the assistants, has prepared 

a full alphabetical index to the subjects of ethnology and archeology, 

contained in the Contributions to Knowledge, the Miscellaneous Collec- 

tions, and the Smithsonian Reports; an abstract of which, published in 

the Report for 1879, will give some idea of its plan. The complete work 

will be printed as soon as funds are available for the purpose, and it 

will meet an acknowledged want. Similar indexes will, in time, be 
furnished, relating to other branches of science. , 

Smithsonian Contributions to Knowledge.—During the year, Volume 

XXII of the quarto series of Contributions” has been made up and 

published, consisting of independent memoirs previously issued by the 
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Institution. This volume comprises 544 pages of text, illustrated by 20 

plates and 474 wood-cuts; and embraces the following subjects: 

Introduction, 16 pp.—1st. Explorations of the Aboriginal Remains 

of Tennessee. By Joseph Jones, M.D. Published October, 1876.  4to., 
181 pp. 95 wood-cuts. 

2d. The Sculptures of Santa Lucia Cosumalwhuapa in Guatemala. 

With an account of Travels in Central America and on the Western 

Coast of South America. By S. Habel, M. D. Published February, 
1878. 4to., 94 p. 8 plates. 

3d. The Archeological Collection of the United States National 

Museum, in charge of the Smithsonian Institution. Washington, D. 
C. By Charles Rau. Published August, 1876. 4to., 118 pp. 340 

wood-cuts. 

Ath. The Palenque Tablet in the United States National Museum. 

Washington, D. C. By Charles Rau. Published November, 1879. 
4to., 91 pp. 2 plates and 39 wood-cuts. 

5th. On the Remains of Later Pre-Historic Man obtained from Caves 

in the Catherina Archipelago, Alaska Territory, and especially from 

the Caves of the Aleutian Islands. By W. H. Dall. Published Janu- 

ary, 1876. 4to.,44 pp. 10 plates. 

Palenque Tablet.—F rom the interest expressed by Mexican archeolo- 

gists in the history of the Palenque Tablet, and in Dr. Raw’s memoir on 

that subject, it was presumed that this paper would be translated and 

published by the National Museum of Mexico, under the charge of its 

eminent director, Senor Don Gumesindo Mendoza, and accordingly as 

an act of international courtesy if was determined to offer to him 

electrotype copies of the plates, as also a supply of phototype prints 

from the tablet itself. This proposal was at once thankfully accepted 

by Senor Mendoza, and the preparation of the translation of the text 

promptly undertaken. Copies of the memoir in the Spanish version, 

giving the text and all the notes in full, have lately been received by 

the Institution. 
Physiological Research.—A memoir has been published during the 

past year on the subject of “Fever,” considered physiologically as well 

as pathologically. The researches set forth in this work were under- 

taken by Dr. H. C. Wood, jr., of Philadelphia, under the auspices of the 

Institution; and a notice of the character of the investigation, pre- 

pared by the author, was presented in the Report for 1878. The print- 

ing of the memoir was considerably delayed by the necessity of a criti- 

cal revision of the tables and calculations, which was intrusted to Mr. 

C. B. Young, of this Institution, and which has received from him careful 

and laborious attention. He also corrected all the proof-sheets. This 

memoir, forming No. 357 of the Smithsonian publications, comprises 266 

quarto pages, illustrated by 5 plates and 16 wood-cuts. The general 

conclusion arrived at, as summarized in the memoir, is that the cause 

of fever ‘is simply a state in which a depressing poison or a depress- 
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ing peripheral irritation acts upon the nervous system which regulates 

the production and dissipation of animal heat”; and that the nature 

of fever is “a nutritive disturbance in which there is an elevation of 

the bodily temperature and also an increase of the production of heat 

by an increase of the chemical movements in the accumulated material 

of the body; this increase being sometimes sufficient, sometimes in- 
sufficient, to compensate for the loss of that heat which is derived di- 
rectly from the destruction of the surplus food in the body; very little 

or no food being taken in severe fever.” 

It is the custom of the Institution to give to the author a certain 

number of copies of his memoirs, this varying with the extent and cost 

of production. The author is also invited to furnish a list of specialists 

particularly interested in the research covered by the memoir, whether 

resident at home or abroad, and to these, or as many as can conveniently 

be supplied, copies are sent free of cost, and the fact of this being done 

by the request of the author is stated: 
The author is also allowed to print as many additional copies as he 

thinks proper, at his own expense, and to dispose of them as he pleases, 
either by giving them away or selling them. The more extended the 

distribution of a memoir, the better is the principle of the Institution 

earried out, viz, that of the increase and diffusion of knowledge. 

Dr. Wood has availed himself of this opportunity by having 250 extra 

copies printed and placed on the market with the imprint of J. B. Lip- 

pincott, & Co., of Philadelphia. 
Meteorology.—The relationship of the Smithsonian Institution to 

the subject of American meteorology is well known, especially the 

fact that until the establishment of the Weather Bureau of the War 

Department the Institution had the entire burden of maintaining a series 

of observing stations throughout the country and of publishing the re- 

sults in a series of memoirs, which are accepted as of standard value by 

all meteorologists. When in 1871 its system of active work was trans- 

ferred to the Signal Office of the War Department the publication of 

digested results was not intermitted, but continued, so as to cover the 

entire period of activity up to the year in question. 

Among the meteorological monographs published by the Institution, 

that on the rainfall of the United States prepared under the direction of 

Mr. Charles A. Schott, of the United States Coast Survey, was one of the 
most important. This work, with its digested tables of rainfall and the 

series of rainfall maps, extending from the earliest records to the year 

1866, was used for a number of years in determining the questions of 

general climatology and the relations of plants to altitude and locality, 

and to the extent and degree of reservoirs for storing water, &c. 
In the interval between the completion of the first work to the trans- 

fer of the system many additional observations had been made, involv- 

ing the rectification of some of the general conclusions, and it was 
determined to publish a continuation of the work, down to 1878, em- 
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bodying at the same time a recast of the generalizations. The work 

was accordingly placed under the supervision of Mr. Schott, as- 

sisted by Mr. E. H. Courtenay, of the Coast Survey, and completed 

during the year. Arrangements were immediately made for publica- 

tion, including the construction of new base charts. The printing of the 

charts has been completed by Mr. Julius Bien and the text is in an ad- 

vanced stage of preparation, and will probably be ready in a few months. 

Among the important papers still on hand which have been accepted 

and are awaiting publication are the continuation of Professor Caswell’s 

meteorological observations, of Providence, and the observations made 

by Mr. Sherman, while on board the schooner Florence as a member of 
Captain Howgate’s polar expedition. 

The observations of Mr. Sherman present many new points in the 

climatology and physical condition of the arctic regions, and will be a 

valuable addition to the other papers of a similar character published 

by the Institution, as illustrating the works of Hayes, Kane, McClintock, 
and others. The delay in the publication of these works is due to the 

large amount of material on hand. It is hoped, however, that in the 

course of a year they may be sent to press. 

Archcology.—Reference has been made in previous reports to an ex- 

tremely interesting collection of West Indian antiquities, probably of 

Carib manufacture, presented by the late Mr. George Latimer to the 

National Museum. This collection embraced many new forms of much 

interest. The stone implements of this collection possessed many peculi- 

arities, for the most part not illustrated at all by those of the continent of 

North America; and amemoir by Prof. O. T. Mason, published in the An- 

nual Report in 1876, illustrated by suitable wood-cuts, has attracted great 

attention at home and abroad. Its dissemination has brought to light 

additional collections in the West India Islands, and arrangements have 

been made to obtain the use of some of these for publication. 

Mr. Frederick A. Ober brought from Antigua a number of inter- 

esting objects, quite different from those of Mr. Latimer; and Mr. 

Guesde, of Guadaloupe, has communicated to the Institution a large num- 

ber of beautifully-executed drawings of full-sized specimens in his collec- 

tion, accompanied by detailed descriptions. Professor Mason has un- 

dertaken to compile a special memoir on Mr. Guesde’s collection, to be 

illustrated by his drawings and published at an early date. 

The publication by the Smithsonian Institution, many years ago, of a 

memoir by Mr. Lewis H. Morgan, upon the terms of relationship and con- 

sanguinity employed by various nations of the world, led to the establish- 

ment of almost a new branch of philological and ethnological investiga- 

tion; or at least placed it upon a substantial footing. At the time of the 
publication of the memoir there were few persons prepared to follow the 

reasoning of the author ; but under its stimulus corresponding researches 

have been carried on in various parts of the world and have produced 

very good fruit. 
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Among such investigations was one by Mr. L. Fison, in regard to the 

aborigines of Australia, and an agreement was entered into with him ~ 

by which the Institution was to publish it, uniform with Mr. Morgan’s 

memoir. The number of manuscripts in hand waiting for publication 

prevented Mr. Fison’s article from going to press, and he finally was 

able to make arrangements at home for its appearance. The paper was 

accordingly withdrawn and transmitted to the author through Mr. Mor- 

gan. 
There is now a sufficient number of the quarto memoirs completed to 

form another volume of the “ Contributions,” Volume XXIII; and this 
will be issued early in the year 1881. It will probably comprise : 

Ist. Lucernariz and theirallies. By Henry James Clark. (130 pages, 
and 11 plates.) 

2d. On the geology of Lower Louisiana and the salt deposit on 

Petite Anse Island. By Eugene W. Hilgard. (34 pages, 2 plates and 

4 wood-cuts.) 

3d. On the Internal Structure of the Earth considered as affecting 

the phenomena of Precession and Nutation. By J. G. Barnard. (16 

pages, and 2 wood-cuts.) 

4th. A classification and synopsis of the Trochilide. By Daniel 

Giraud Elliot. (277 pages, and 127 wood-cuts.) 

5th. Fever: a Study in Morbid and Normal Physiology. By H. C. 

Wood. (266 pages, 5 plates and 16 wood-cuts.) 

Miscellaneous Collections. —Four volumes of articles, heretofore pub- 

lished, have been made up and added to the octavo series of the 
‘¢Smithsonian Miscellaneous Collections” during the year. ‘These form 

Volumes XVI, XVII, XVIII, and XTX, and are constituted as follows: 

The Sixteenth volume contains: 

1st. Land and fresh-water shells of North America. By George W. 

Tryon, jr. Part 1V, Strepomatid (American Melanians), 1873, 490 pp. 

2a. Catalogue of the described Diptera of North America. By C. 

R. Osten-Sacken (second edition.) 1878. 524 pp. 
3d. The Toner lectures. Lecture VII. The nature of Reparatory 

Inflamation in Arteries after Ligature, Acupressure, and Torsion. By 
Edward O. Shakespeare, M. D., 1879, 74 pp. : 

4th. Circular relative to Smithsonian Scientific and Literary Ex- 

changes, 1879, 2 pp. 

Sth. meatier relative to Business Arrangements of the Smithsonian 

Institution, 1579, 7 pp. 

6th. eee of ened Species of Humming Birds. By Daniel Gi- 

raud Elliot, 1879, 22 pp. 

7th. List of the principal Scientific and Literary Institutions in the 

United States. May, 1879, 6 pp. 

8th. List of the publications of the Smithsonian Institution, July, 
1879, 18 pp. 
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The Seventeenth volume consists of: 
The Smithsonian Institution: Documents relative to its origin and 

history: Edited by William J. Rhees, 1879, 1027 pp. 

The Highteenth volume consists of: 

The Smithsonian Institution, Journals of the Board of Regents, Re- 

ports of Committees, Statistics, &c. Edited by William J. Rhees, 1879, 
852 pp. 

The Nineteenth volume contains: 

Ist. Proceedings of the United States National Mnseum. Vol. I, 
1878, 524 pp. 

2d. Proceedings of the United States National Museum. Vol. II, 
1879, 503 pp. 

Memoir of James Smithson.—It has long been the intention of the In- 

stitution to publish a memoir of its founder, and from time to time ef- 

forts have been made to collect materials for this purpose. It is much 

to be regretted, however, that this work was not undertaken at an earlier 

date, while some of Smithson’s contemporaries were living who could 

have imparted valuable information as to his peculiarities and charac- 

teristics. 

Mr. Rhees, Chief Clerk of the Institution, has at last supplied the 

want so long felt in the history of this establishment, and has made use 

of every known source of information in the preparation of the work in 

question. By extensive correspondence and advertisements in several 

of the leading English periodicals some facts of interest not hitherto 

known were secured, and the author was thus enabled to present a 

more extended notice of Smithson than was at first anticipated. 

The memoir under notice commences with a sketch of the ancestry of 

the Smithson family, gives an account of the education of James Smith- 

son at the Oxford University, where he graduated in 1786, describes his 

devotion to scientific pursuits, his love of adventure in the search for 
knowledge, recounts his achievements as a chemist and mineralogist, 
enumerates his published scientific works, and gives the testimonials to 
his worth and ability from the president of the Royal Society and 

others. 
An inventory of his personal effects is presented, and an account of 

the likenesses of Mr. Smithson known to be in existence and in the pos- 

session of the Institution. 

Some attentionis paid to a consideration of the motives which probably 

actuated Smithson in bequeathing his fortune to the United States, and 

a resumé is given of the intellectual condition of the period in which he 

lived, which is shown to have exhibited a remarkable spirit of scientific 

activity, and the formation at that time of some of the most important 
organizations for the advancement of science, education, and philan- 

thropy. 

S. Mis. 31——3 
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The promotion of knowledge was peculiarly a characteristic of the 

period, and Smithson was undoubtedly impressed with this idea. 

Full details of the will and a fac simile of it are given. 

Mr. Rhees then traces the steps taken by the United States Govern- 

ment to secure the bequest, the various acts of Congress, the debates, 

resolutions, messages of Presidents, &c., in relation to the subject, and 

finally the reception, on the 29th of August, 1838, of £104,960 8s. 6d, 
which, converted into American gold, realized $508,318.46 as the Smith- 
son foundation. 

A recapitulation is next furnished of the legislation of Congress in 

relation to the disposition of the Smithson fund, and a brief abstract of 
the notable speeches ‘made from time to time in which various plans 

for establishing the Smithsonian Institution were advocated. These 

speeches are given in full in the “‘ Documents relative to the history of 

the Smithsonian Institution,” published in 1879; but in the present vol- 

ume the narrative is continuous and the references to the names and locali- 
ties of the Senators and members of Congress more minute and explicit. 

In an appendix additional facts are given relative to the father of 

Smithson, the first Duke of Northumberland; the half brother of Smith- 

son, Earl Percy, who commanded the British re-enforcements at the battle 
of Lexington, 1775; notices of some of Smithson’s papers; extracts from 

his writings; a catalogue of iis library now deposited in the Smithso- 

nian Institution; and notices of the city of Washington found in Smith- 

son’s books. 

The whole forms an octavo of 76 pages, with the following illustra- 

tions : 
Portrait of Smithson. Heliotype; from an oil miniature by Johns. 

1816. 
Portrait of Smithson. Heliotype; from an oil painting. Cabinet 

size; full-length figure, sitting, in the costume of an Oxford student. 

1786. 
Portrait of Smithson. Profile; engraved on steel; from a medallion. 

Temb of Smithson, at Genoa, Italy. Wood-engraving; froma recent 
photograph. 

Fac simile of Smithson’s visiting card, and of his dinner invitation 

eard. 

Silhouette portrait of Henry James Hungerford, nephew of Smithson. 

Fac simile of Smithson’s will. Two sheets, of four quarto pages. 

Portrait of Smithson’s father, Sir Hugh Smithson. From an engrav- 
ing belonging to James Smithson. 

North view of the Smithsonian Institution building at Washington. 

The Memorial Volume in honor of the late Professor Henry, author- 
ized to be published by Congress, though somewhat delayed, has been 

cowpleted, and is now practically ready for distribution. It forms a 

handsome octavo book of 528 pages, of which the main subject-matter 
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is divided into three parts. A brief introduction of 4 pages presents 

the proceedings of Congress in relation to the holding of memorial serv- 

ices in the hall of the House of Representatives, and also in relation to 

the printing of the same, together with such other testimonials of respect 

as the Regents might deem congruous with the object of the work. Part 

first embraces the primary proceedings more immediately connected 

with the obsequies, commencing appropriately with the reproduction 

of the announcement of the death of Joseph Henry, by the Chancellor, 

Chief Justice Waite, issued on the day following that melancholy event, 

and addressed as a formal or official obituary notice to all the cor- 

respondents of the Institution, In our own country or abroad, followed 

by an account of the proceedings of the Board of Regents on the ocea- 

sion of the funeral services, with the sermon of the Rev. Samuel S. 

Mitchell, and of the steps taken by the Regents on the day following to 

obtain a public commemoration. Part second comprises an account of 

the memorial services at the Capitol, presided over by the Vice-Presi- 

dent, taken from the Congressional Record, and consisting of an open- 

ing prayer by President McCosh of Princeton, addresses by Senators 

Hamlin and Withers, Representatives Garfield and Cox, Professors 
Gray of Cambridge and Rogers of Boston, and by General Sherman, 

the reading of telegrams by Representative Clymer, and a closing prayer 

by the Chaplain of the Senate, Rev. Dr. Sunderland. Part third com- 

prises proceedings by, and addresses before, various bodies with which 

Professor Henry had been prominently connected. The volume con- 

cludes with an appendix of 4 pages, recounting the proceedings of 

Congress with reference to the erection on the Smithsonian grounds of 

a statue of Joseph Henry. The whole is followed by a general index of 

12 pages. 

Digest of Atomic Weights—Among the Miscellaneous Collections a 

caretully-prepared digest of “Atomic Weights,” by George F. Becker, 

of California, has been published during the past year, constituting No. 

358 of the Smithsonian series. This work, comprising 150 octavo pages, 

consists of a collection of all the determinations of the atomic weights 

of the chemical elements heretofore made. The elements are alphabet- 

ically arranged, with critical notices under each, and the authorities for 

varying determinations, together with precise citations to the publica- 

tions or records, are fully given. The whole is accompanied with a full 

index of the journals and other publications, both foreign and domestic, 

which have been laid under contribution ; and a second index gives an 

alphabetical list of the authors of atomic weight determinations. The 

work evinces a pains-taking diligence in collecting from every available 

source (in whatever language) the information desired ; and it will prove 

a valuable work of reference to both the theoretical and the practical 

chemist. 
This publication is in continuation of a line of scientific manuals on 

the “Constants of Nature,” projected by the Institution, and may be 
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regarded as forming Volume IV of the series thus far attempted: 

Volume I being tables of the Specifie Gravities of bodies, and also of 

their Boiling and Melting Points ; Volume II, tables of the Specific Heats 

of bodies; and Volume III, tables of Heat Hxpansion of bodies. All 
three volumes were compiled by Prof. F. W. Clarke of the University of 

Cincinnati. 

The Toner Lectures.—On the 13th of April, 1872, a deed of conveyance 

. of several pieces of property in Washington, with money and other 

securities amounting in value to $3,000, was made by Dr. Joseph M. 
Toner, of this city, to five trustees, instituting the Toner lectures, and 
establishing a permanent and increasing fund for their support and con- 

tinuance annually. 

The trustees named in the deed were the Secretary of the Smithsonian 

Institution (then Prof. Joseph Henry), the Surgeon-General of the United 

States Army (then J. K. Barnes, M. D.), the Surgeon-General of the 

United States Navy (then J. M. Foltz, M. D.), the president of the Med- 
ical Society of the District of Columbia (then Grafton Tyler, M. D.). 

The interest of this fund was set apart to be applied for annual 

memoirs or essays relative to some branch of medical science, each to 
contain some new truth fully established by experiment or observation ; 

no such memoir or lecture to be given to the world under the name of 

the “Toner Lectures” without having first been critically examined and 

approved by competent persons selected by the trustees. 

In accordance with this trust, arrangements were made for the deliv- 

ery of annual lectures on subjects relative to medical science, and the 

Smithsonian Institution undertook their publication in its series of Mis- 

cellaneous Collections. The following is a list of the lectures published 

up to 1880, and already described in previous reports: I. On the 

Structure of Cancerous Tumors and the Mode in which adjacent parts 

are invaded. By Dr. J. J. Woodward. Published November, 1873, 44 
pp., 8vo. Ul. Dual Character of the Brain. By Dr. C. E. Brown-Se- 

quard. Published January, 1877, 25 pp., 8vo. III. Strain and Over- 

Action of the Heart. By Dr. J.M. Da Costa. Published August, 1874, 
32 pp., 8vo. IV. A Study of the Nature and Mechanism of Fever. By 

Dr. Horatio C. Wood. Published February, 1875, 48 pp., 8vo. V. On 
the Surgical Complications and Sequels of Continued Fevers. By Dr. 

William W. Keen. Published April 1877, 72 pp., 8vo. VI. On Subeu- 
taneous Surgery: Its principles, and its recent extension in Practice. 

By William Adams, M. D., F. R.C.S. Published May, 1877, 15 pp., 

Svo. VII. The Nature of Reparatory Inflamation in Arteries after Lig- 

ature, Acupressure, and Torsion. By Dr. Edward O. Shakespeare. Pub- 

lished April, 1879, 71 pp., 8vo. And lastly, during the past year: VIII. 

Suggestions for the Sanitary Drainage of Washington City. By George 

ki. Waring, jr. Published June, 1880, 23 pp., 8vo. 
This last lecture forms No. 349 of the Smithsonian Miscellaneous Col- 
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lections, and discusses a subject of special and practical importance to 

the residents of this city. 

The heaith and comfort of the Capital of the nation is a matter of so 

zeneral interest that its hygienic conditions deserve careful study and 

consideration. Very difficult problems are presented to the sanitary 

engineer by the topography of the city and the river frontage on a large 

area of flat land. The drainage of so large and so populous a city is 

one of the first subjects requiring the attention of the local authorities 
and of Congressional action. Mr. Waring having had long experience - 

and much distinction in investigation of such topics, was, therefore, in- 

vited by the trustees of the Toner fund to make a thorough examination 

of the city and District, and requested to make suggestions for the im- 
provement of their drainage. 

Mr. Waring in his lecture presents Holland as furnishing a suitable 

example for imitation in regard to the reclamation of low areas. In 

that country about 4,000 acres have been reclaimed annually, while in 

Washington the improvement of not more than 2,500 is required. He rec- 

ommends strongly the adoption of the Dutch method of constructing de- 

fenses, embankments, and bulk-heads, leaving the inclosed ground at its 
present level, and to drain it by artificial power to a sufficient depth to se- 

cure the same result as to dryness that would be secured by the filling it 

with earth. This would substitute a dry and pleasant meadow for the 

present noisome mud flats, would be economical, simple, and practically 

equivalent to raising the whole city six or eight feet above its present 

level, and give it high and dry ground to the shore oO! a clear running 

stream on each side. 

Next to bringing the flats about the city into a proper condition, the 

drying of the soil of those parts now subject to saturation is considered 

by the author, and for the latter purpose he recommends that the damp 

lands should be drained by an independent system of pipes, entirely 

disconnected, except at their outlets, with the sewer system. 

The sewerage of the city is next considered, and the use of the same 

drains for the streets and for houses is condemned as very objection- 

able. It is urged as of prime necessity that every foot of the sewers 

with which habitations are connected should be at-all times free from 

deposits of organic matter. 
The best size of sewer-pipes is fully discussed, and the conclusion 

stated that large ones should be restricted to the removal of storm-water 

only, and small ones used for house drainage. 
A radical and almost universal improvement of the interior drainage 

of houses is demanded, the defective house-drains being a far more im- 

portant factor in the production of disease than defective sewers. By 

the official statement, the deaths in the District in 1879 from diseases 

which are believed to be very materially affected by bad drainage, either 

by soil-moisture or by filth, amounted to just about one-half of the total 

mortality. The author believes that five hundred persons annually die 
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within the District of Columbia because of the defective condition of 

the houses in which they live. 

The main features of a comprehensive scheme adequate to the im- 

provement required are stated by Mr. Waring to be— 

1. The flats and marshes to be reclaimed by embanking and pumping. 

2. The discharge of the lateral streams and of storm-water sewers to 

be carried beyond these defenses and delivered into the main channels 

of the river. 
3. The complete underdraining or subsoil drainage of the site of the 

city. 
4. The separate removal of the foul drainage. 

5. The abolition of privy vaults and cesspools and the complete 

reformation of the interior drainage of houses. 

Physical Tables—Among the earliest publications of the Institution, 
one now exhausted, but which has ever since been in great demand both 
at home and abroad, is the very full series of meteorological and phys- 

ical tables prepared by Prof. Arnold Guyot. This work (No. 31 on our 

list), published in 1852, constitutes the principal portion of the first 

volume of the Smithsonian Miscellaneous Collections, and is universally 

recognized as a standard work of reference on the subjects to which it 

is devoted. 
The expansion of certain branches of physical inquiry has made some 

supplementary tables desirable, and Professor Guyot was invited by | 
my predecessor to prepare the material for a new series. The greater 

part of the work will of course be unchanged, and will be printed from 

the original electrotype plates. But some modification of certain tables, 

together with a number of new ones, has been arranged for. 

Professor Guyot’s laborious duties at Princeton have interfered with 

the speedy completion of the new edition; but the material is now 

nearly ready, and the additional pages will be put in type at an early 

day. 

Bulletins of the National Museum.—In addition to the regular series 
of publications printed entirely at the expense of the Smithsonian fund, 

several series prepared under the direction of the Institution have the 

expense of the printing of a small edition provided for from other sources. 

Stereotype plates of these issues are preserved, and are afterward in- 

cluded in the Miscellaneous Collections. These consist especially of the 

Bulletins and Proceedings of the National Museum, the printing of which 
is authorized by the Department of the Interior, and paid for out of its 

fund. Anedition of one thousand copies is published, of which one-half is 
distributed by the Department of the Interior and one-half by the Insti- 

tution. As the pages are stereotyped, the cost of additional copies is 

slight; and for the purpose of making sure that a sufficient number of 

sets will be accessible forever to students in all parts of the world, it has 
been considered expedient to print fifteen hundred additional copies of 



REPORT OF THE SECRETARY. 39 

each as a portion of the Miscellaneous Collections. In this way the dis- 
tribution of the first edition can be made to special students and the 

minor societies that do not receive full series of Smithsonian publications. 

In this manner the various numbers of the Proceedings of the Na- 

tional Museum (forming the volumes for 1878 and 1879) have been asso- 

ciated together to form the nineteenth volume of the Miscellaneous Col- 

jections as already indicated. A similar arrangement has been made 
in reference to the transactions of the Philosophical Society of Wash- 

ington, the first three volumes of which have been printed from the 

stereotype plates, and will probably form Volume XX of Miscellaneous 
Collections, to be issued early in 1881. 

The ‘ Bulletins” of the Museum, as heretofore stated, are designed to 
furnish cheek-lists, system of classification, and descriptions of the 

natural history material on hand, for the purpose of illustrating the 

zoological and ethnological collections belonging to the U. 8S. National 
Museum, &e. 

The seventeenth Bulletin of the National Museum is on the zoological 
position of Texas, by E. D. Cope. The author considers the subject of 
the influence of environment on animal life, and the relation of the ne- 

arctic and neotropical faune at their point of junction. Studies into the 

zoology of Mexico have shown that the high plateau is populated by an 

animal life which differs from that of the coastward plains. From in- 

vestigations of the Batrachia and Reptilia, which are incapable of per- 

forming migrations, the line of demarkation between the great northern 

and southern reals is clearly indicated. The genera of South America 

advance northwards along the lower lands of Central America and 

Mexico to the mouth of the Rio Grande, which is about their northern 

boundary. On the other hand various genera of the southern regions of 

North America extend their range southward as far as the city of 
Mexico. 

The great State of Texas is the field where the boundaries of the va- 

rious genera is to be sought, since its fauna is of a most diversified 

character. The geology, topogranhy, climate, and vegetation of this 

region are described, and the author then proceeds to a consideration of 

the distribution of its vertebrate animals in the following order: Mam- 
malia, Aves, Reptilia, Batrachia, Pisces. 

The author concludes that Texas is to be placed within the nearctic 

realm, for although it possesses a number of genera which are common 

to this realm and the neotropical, there are numerous genera which be- 

long to the former exclusively and very few that belong to the latter 

alone. To display these relations lists are given side by side of genera 

whose geographical relations are in these three directions. 

The species are shown in four geographica. groups, (1) those of the 

extreme southwest, (2) those of the plateaus, (3) those of the low coun- 
try, and (4) the east. 

The discussion is a valuable contribution to science, and the paper has 
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attracted marked attention from naturalists. It forms an octavo of 51 

pages. 
Bulletin No. 18is a pamphlet of 278 pages, and is entitled “‘ Exhibit of 

the fisheries and fish culture of the United States of America, made at 

Berlin in 1880, prepared under the direction of G. Brown Goode, deputy 

commissioner.” 
This work is a catalogue of the articles brought together by the United 

States Fish Commission for exhibition at the International Fishery Ex- 

hibition held in Berlin in April, May, and June, 1880. An account of 

this exhibition and of the display made by the United States, with the 

awards to exhibitors, will be found in another place in this report. 

The bulletin or catalogue was used as the oflicial list or guide to the 

American part of the exhibition, was republished in Berlin, translated 

into German, and on account of its extent, classification, detail, and ac- 
curacy, elicited much praise. * 

The work is arranged under six sections or heads, viz: 
A. Aquatic animals and plants of North America beneficial or in- 

jurious to man. 

B. Fishing-grounds of North America. 

C. Means of pursuit and capture. 

D. Methods of preparation. 

EK. Animal products and their applications. 

F. Research, protection, and culture. 

Under each of these sections, subdivisions are made for the purpose 
of systematic classification. ° 

Proceedings of the National Museum.—As stated in the reports for 

1878 and 1879, another series of publications relating to the Museum 

has been introduced, designed to furnish to naturalists early anncunce- 
ments and descriptions of specimens received, particularly when of new 

species, together with such other matters of zoological interest as may 

be furnished by correspondents, to which series the title of ‘ Proceed- 

ings of the National Museum” has been given. Of the articles published 

in the Proceedings for the year 1880, Mr. R. Ridgway has furnished the 

following: 

(1) Revisions of Nomenclature of certain North American Birds. This 

paper is an explanatory list of the names of North American birds 

which, in accordance with the recognized rules of nomenclature, have 

been changed or amended since the publication (in 1873) of the latest 
catalogue of the species—Coues’s “Check List.” Thirty-one specific or 

subspecific and twenty-five generic names are given as changed or 

amended since that date, from the form given in the above-named 
catalogue, while nineteen species given therein as geographical races or 

varieties are raised to full specific rank, seven others being reduced to 
the rank of subspecies. 

(2) A Catalogue of the Birds of North America.—This catalogue is pre- 
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pared with the view to supply the wide-spread deman4 for a catalogue 

of North American birds which shall be complete up to date as z+zards 

the enumeration of species known to occur in North America, and at the 

same time includes a thorough though condensed digest, with references 

of the additions to the fauna and changes of nomenclature which have 

been made during the period of twenty-one years which has elapsed 

since the publication of the last Smithsonian catalogue, in 1859. This 
new catalogue, with numerous revisions and additions, is now (Decem- 
ber, 1880) being printed for publication in pamphlet form. 

(3) Catalogue of Trochilide in the collection of the United States Na- 
tional Museum.—This is a list of the species of humming birds contained 

in the National Collection, all the localities represented by the specimens 

being given with each species. The chief object of this list is to call at- 

tention to the desiderata, so that correspondents may be able to furnish 

species which are lacking to the collection, and thus render it more com- 

plete. 

Dr. Tarleton H. Bean has furnished among other papers: 

A list of European fishes in the collection of the United States National 

Museum.—About 350 nominal species are mentioned. As this list is in- 

tended simply to facilitate exchanges with museums in Europe, the 

names under which the fishes were received are retained without refer- 

ence to our latest knowledge concerning the classification and specific 

identity of certain species. 

Other articles have been supplied by Messrs. 8. T. Cattie, F. M. 

Endjich, 8. Garman, C. H. Gilbert, T. Gill, G. B. Goode, O. P. Hay, 

A. Heilprin, D. S. Jordan, G. N. Lawrence, W. N. Lockington, R. 

Rathbun, J. A. Ryder, R. Smith, J. J. Smith, J. G. Swan, A. E. Verrill, 
and C. A. White. 

Systematic Nomenclature.—In carrying out investigations in systematic 

natural history a large part of the labor consists in determining the prior- 

ity of names, especially those of the genera employed or proposed; and 

for many years each inquirer was obliged to repeat the labors of others 

and to waste a vast amount of his time thereby. In 1846. the late Prof. 

Louis Agassiz prepared a list of all names of genera that had been pro- 

posed in zodlogy, giving the dates, references to place of publication, and 

the group of the animal kingdom to which they belonged. No greater 

boon could have been extended to students than this compilation, 

which answered its purpose fully for a number of years. In 1873, Mr. 

Marschall prepared a supplement to the work of Professor Agassiz, 

which was also of very great moment. For many years past, however, 

no convenient digest has been available to cover more recent researches, 

as the spirit of scientific investigation is increasing in almost geomet- 

rical ratio, and the need of anew nomenclature has been apparent. 

Mr. 8. H. Scudder, of Cambridge, Mass., has devoted a large poxtion of 
time lately to the preparation of a second supplement to Pyofessor 
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Agassiz’s work, to include a general index to the whole; and by this 
means, when published, the naturalist will be able to reduce the time 
and trouble of a given research enormously. Mr. Scudder offered this 

memoir to the Smithsonian Institution for publication, but as its own 

funds were required for the other memoirs previously in hand, it was 

accepted by the Department of the Interior, as a bulletin, and work 

begun upon it. Some hundreds of pages have already been printed, 

and it is hoped that the whole will be completed in the course of 1881. 

Smithsonian Annual Report.—In consequence of the delay at the Gov- 

ernment Printing Office, referred to in the last report, the Report for 

1878 was not ready for distribution until March of the past year. Being 

the first issued after the death of the late Secretary of the Institution, 

Professor Henry, it was deemed proper to devote considerable of its space 

to a presentation of his life and scientific work. For this purpose, the 

biographical memoir prepared, at the request of the Board of Regents, by 

Dr. Asa Gray was appended to the Proceedings of the Board, while in 

the General Appendix were inserted the accounts of his researches on 

sound with reference to fog-signaling—his latest scientific work—re- 

printed from the several reports of the Light-House Board, in which they 
originally appeared, the whole being arranged in a connected article. 

With the same view, also, an article prepared by W. B. Taylor on Prof. 

Henry’s connection with the telegraph was inserted, presenting his, as 

yet, imperfectly recognized contributions to the scientific basis of that 

invention. . 

The other articles in the Appendix are: Accounts of explorations in 

Greenland by L. Kumlien, and in the Caribbee Islands by F. A. Ober; 

a table of some physical constants by J. Le Conte—a contribution to the 

proposed collection of all the constants of Nature and Art; an account 

of some experiments on the effect of irritation of a sensitive nerve by B. 

F. Lautenbach; translations of Arago’s biography of Condorcet, and of 

Favre’s biographical notice of Agassiz; an abstract of the results of the 

researches on Fever, made, with the co-operation of the Institution, by 
Dr. H. C. Wood; and a republication of a list of the apparatus in various 

institutions in the United States available for scientific research. The 

whole forms a volume of 575 pages with 12 illustrations. 

A number of ethnological articles, intended for this report, were un- 
avoidably thrown over to the next. 

The report for 1879 was presented to Congress on the 10th of March, 

1880, and an edition of 15,500 copies were ordered, 2,500 for the 

use of the Senate, 6,000 for the use of the House of Representatives, and 

7,000 for the Institution. It is again a matter of regret that the publi- 

cation of this work has been so long delayed. The amount of work or- 

dered to be done at the Public Printing Office is enormous and increases 

every year, while the facilities for doing it remain very much the same. 

As an evidence of the increase of work in this office, the Public Printer 
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states that the number of blanks printed during the fiscal year ending 

June 30, 1880, exceeded those printed during the previous year by 

25,000,000. The number of copies of unfinished works on December 1, 
1880, ordered by Congress was 922,107. It is absolutely impossible to 

satisfy all the requirements of the Departments and of Congress in a 

reasonable time, aud unfortunately the Smithsonian report is delayed 

much beyond the desire and intention of the Institution. 

In this report an unusually large space of the Appendix is devoted 

to anthropology—all but four of the papers, in fact, coming under that 

head. This was due, in part, to the increased attention given to that 

branch of science within the past few years, and in part to the fact that 

the ethnological articles prepared for the report of 1878 were unavoid- 

ably thrown over to this. 

The full list of titles comprises: A study of the savage weapons at 

the Centennial Exhibition, by E. H. Knight; reports of American obser- 

vatories, prepared by E. 8. Holden from the answers to the Smithsonian 

circular asking for information in regard to the equipment and opera- 

tions of the observatories in the United States; translations of Pisko’s 

lecture on the present fundamental principles of physics; of Baumhauer’s 

account of his proposed universal meteorograph for detached observa- 

tories; and of Worsaae’s statement of the measures taken for the pres- 

ervation of antiquities and national monuments in Denmark ; abstracts 

of replies to the Smithsonian archeological circular; and a statement 
of the anthropological investigations pursued in 1879, both prepared by 

Otis T. Mason; an Index to the Papers on Anthropology, published by 

the Smithsonian Institution from 1847 to 1878, prepared by George H. 

Boehmer, and the following papers on local ethnology and anthropology: 

The French Hali-Breeds of the Northwest, by V. Havard; Prehistoric 

Remains in Montana, between Fort Ellis and the Yellowstone River, by 

P. W. Norris; the Shoshonee or Snake Indians, their religion, super- 

stitions, and manners, by Albert G. Brackett; Ruins in White River 

Cation, Pima County, Arizona, by R. T. Burr; Mounds in Winnebago 
County, Wisconsin, by Thomas Armstrong; Mounds near Quincy, Il. 

and in Wisconsin, by William Gilbert Anderson; Notes on some of 

the principal mounds in the Des Moines Valley, by Samuel B. Evans; 

Composition of ancient pottery, found near the mouth of Chequest 

Creek, at Pittsburg, on the Des Moines River, by Robert N. and Charles 

L. Dahlberg; Prehistoric evidences in Missouri, by G. C. Broadhead ; 

Mounds in Franklin County, Indiana, by Edgar R. Quick ; Mounds and 

earthworks of Rush County, Indiana, by F. Jackman; Primitive man- 

ufacture of spear and arrow points along the line of the Savannah 

River, by Charles C. Jones, jr.; Mica beds in Alabama, by William 

Gesner; Mounds in Washington County, Mississippi, by James Hough; 

Mounds in Morehouse Parish, Louisiana, by Benjamin H. Brodnax; 

Wampum belts of the Six Nations, by W. M. Beauchamp ; Indian relics 

from Schoharie, N. Y., by Frank D. Andrews; Preliminary Explorations 
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among Indian mounds in Southern Florida, by 8S. T. Walker; Report on 

the shell-heaps of Tampa Bay, Florida, by 8S. T. Walker; and Mounds on 

Gideon’s farm, near Excelsior, Hennepin County, Minnesota, by Frank 
H. Nutter. 

The whole forms a volume of 631 pages, with 205 illustrations. 

Of the documents published annually by the United States Govern- 

ment, those of the Agricultural Department and of the Smithsonian 

Institution are most in demand, as furnishing general information, 

much sought after by various classes of the community. There is no 

person of general literary or scientific taste who does not find in the 

Smithsonian Reports something of interest, especially in the copious 

store of archeological information and the statements of the present 

condition and progress of science. The demand for the Smithsonian 

Reports has been responded to by the publication of quite large editions 

and the occasional reprints from the authorized stereotype plates. It 

has been found, however, impossible of late years to meet the demands 

in the increasing amount of interest manifested by the growing popula- 

tion of the United States ; and although a liberal edition is published by 

Congress, of which about 6,500 have been assigned to the Institution 
for years, copies of the Report for 1877 are entirely exhausted. 

Fully realizing this fact, Senator Hamlin, a Regent of the Institution, 

introduced a resolution providing for the increase of the printing of the 

number of copies to 15,500, of which 7,000 were to be distributed to 

the Institution. This resolution became a law, and it is hoped that 

the demand for the volume for 1879 now about being delivered by the 

Public Printer will be met. 

The series of the stereotype plates of the volumes begins with 1862, 

and it is proposed to make application to Congress for the printing of a 

small edition of the volumes extending from that year to 1878, inclu- 

sive, so that sets can be furnished to the many new public libraries 

which have made their appearance wlthin the last few years. 

NATIONAL MUSEUM. 

The reasons for asking Congress for a museum building of suitable 

magnitude, and the steps by which this end was accomplished, have been 

duly presented in the preceding reports. I am happy to announce at 

the present time that the edifice has been substantially completed, and 

that preparations are being made to oecupy it. In the accompanying 

report of the architect of the building commission all the necessary de- 

tails of the plan, cost, &c., will be found. 

The magnitude of the edifice, and the complexity of the organization 

necessary to fully occupy it, it is expected will require a considerable 

time, but it is hoped that the work will be complete by the end of the 

year 1881, and that the establishment will thereafter be in full tide of 
SucCeSS. 
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As has already been explained, the new museum is not intended 

simply for the exhibition of objects of natural history, the controlling 

idea being rather that of an ethnological exhibit, especially to include 

illustrations of the applications of objects belonging to the animal, veg- 

etable, and mineral kingdoms, and the requirements or luxuries of man. 
To this end the collections made by the Smithsonian Institution and the 

United States Fish Commission, for exhibition at the Centennial Expo- 

sition of 1876, and the Berlin International Fishery Exposition of 1880, 

come admirably into play, and constitute the basis of the material, which, 

however, has been largely increased from other sources. 

It is proposed to devote one-fourth of the space, about 25,000 square 

feet, to an illustration of the mineral resources, in the form of building 

stones, ores, combustibles, clays, pigments, ce. 

Another fourth of the building will be taken up by illustrations of 

the animal industries, with representatives of the originals, or plaster 

or papier-mache casts, of the principal animals used for food or other 

purposes by man, together with all the various apparatus by which 

they are pursued, captured, and utilized ; then the results of the manip- 

ulation, and also illustrations of the methods by which animals are pro- 

tected or multiplied; this confining itself principally to an exhibition in 

connection with the artificial propagation of fishes and other aquatic 

animals. 
A portion of the building will be filled by the display of other special 

objects, including the materia medica, foods, paints, and dyes of all 

nations. 
In the purely ethnological collections, or such as relate to the savage 

or semi-civilized races of modern times, space will be provided for in 

this building, and a small area assigned to the exhibition of mounted 

mammals and osteological specimens. Fuller details of arrangement 

will be reserved for the next report. 

The expansion of the scope of the National Museum of course in- 

volves an enlarged foree, and the engagement of several specialists to 

take charge of their respective departments. This has been deferred 

until 1881. 
In view of the large number of cases required in this building—not 

less than one thousand in all—the selection of suitable plans and modes 

of construction has been a matter of great importance, and we have 

accordingly endeavored to obtain all possible information as to methods 

of arrangement in foreign and home museums. Professor Agassiz has 

kindly supplied working drawings of the newer cases of the Museum 

of Comparative Zoology; and the authorities of South Kensington and 

the new British Museum, as well as those of the Royal Museum of 

Dresden, and other establishments, have rendered similar facilities. 

Mr. G. Brown Goode, the curator of the museum, during the period of 

his action as commissioner to the Berlin International Fishery Exposi- 

tion, took occasion to visit all the principal museums in Germany, Italy, 
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and Great Britain, and made himself familiar with the arrangements 
prevalent therein. The result has been to supply many important ideas, 

which will be carried out in connection with the new National Museum 

at Washington. 

In the necessary reorganization of the whole force of the museum, in 
connection with the new departure, occasion was taken to reiterate and 

enforce the rule which is adopted in most public museums through- 

out the world, namely, that the officers connected with the museum 

shall make no collections of any kind whatever for themselves 

during the period of their connection with it. Although in most 

cases a mere matter of form, it has been thought well to make such 

a rule a condition of acceptance of a position and salary, as thereby 

preventing any misunderstanding and removing any danger of making 

an Ofiicial position the means of promoting private interest. Persons 

in charge of a collection have many opportunities of securing speci- 

mens from visitors, who offer objects of more or less interest, and who 

are sometimes inclined to give them to the officer rather than to the 

collection. 

Increase of the Museum.—The additions to the National Museum dur- 

ing the year 1880 have been fully up to the average, indeed scarcely 

inferior to those of any previous year, with the exception of that of the 

Centennial Exhibition at Philadelphia. The collections of marine 

animals, especially fishes and invertebrates from the Atlantic and Pacific 

coasts of the United States, far exceed in value and extent those ever 
before obtained. The most important sources of supply have been (1) 

the collections of the United States Fish Commission, made on the 
south coast of New England, and of the Gloucester fishermen, obtained 
for the most part off the eastern banks, and transmitted through the 

commission; (2) the collections made by Profs. D. S. Jordan and Charles 

H. Gilbert, of fishes and invetebrates, between San Diego and Puget 

Sounds; (3) the collections of Dr. T. H. Bean and Mr. William H. Dall 

in Alaskan waters of the North Pacific and in the Arctic Ocean; (4) 

collections of marine animals made by Dr. White, Surgeon of the United 
States revenue steamer Corwin, and by Captain Hooper commanding ; 

(5) the general ethnological and zoological collections of Mr. E. H. 

Nelson, of the United States Signal Service; (6) collection of archzo- 

logical objects made by Mr. James Stevenson, assisted by Mr. F. G. Gal- 

braith. While, however, these are the most noteworthy there are many 

others of great interest that will be referred to hereafter. The catalogue 

of donations accompanying the report will give fuller details on this 

subject, bearing in mind that no small number of contributions have 

been received without indications of their origin, so that it becomes impos- 
sible to make the proper acknowledgments to their contributors. 

The regions covered by these contributions relate almost exclusively 

to North America, a few collections only coming from Mexico or the 



REPORT OF THE SECRETARY. 47 

West Indies; and a still smaller number from the rest of the world. A 
number of very important series of fishes was obtained by Mr. Goode at 

the Berlin Fishery Exposition, but as they have not been unpacked and 

arranged, reference to them will be deferred until the next report. 

Alaska, as the least known portion of North America, and the one pre- 

senting the most numerous problems of interest, received special atten- 

tion during the year, and the amount of material gained has been pro- 

portionally great. 
Mr. E. W. Nelson, observer of the signal office at Saint Michaels, has 

continued his most important transmissions covering all branches of 

scientific iuquiry; among these the most specially noteworthy is the 

collection of ethnological materials, illustrating the manners and customs 

of the living Esquimaux of the region, as well as much of prehistoric 

antiquity. Mr. Nelson has already sent in about 6,000 pieces of anthro- 

pological matter. His collections of mammals, birds, &e., have been 

of very great importance. 

Under orders from Captain Patterson, of the Coast and Geodetic Sur- 

vey, Mr. Dall, assistant of the Coast Survey, made a second visit to the 

Alaskan seas in the schooner Yukon, originally built under his direction 

for the service. By permission of Captain Patterson, seconded by the 

invitation of Mr. Dall, Dr. T. H. Bean was detailed to accompany the 
expedition for the purpose of investigating especially the fish and fish 

eries of the northern waters. 
The vessel left San Francisco in April, 1880, and touching at various 

points passed into the Arctic Ocean, where quite an extended cruise 

was prosecuted in the interest of the survey. It returned to San Fran- 

cisco in November, 1880, and the collections of specimens, in forty-five 

packages, were received not long after in Washington. These embrace 

very large numbers of ethnological and archeological objects, speci- 

mens. of birds, fishes, invertebrates, and other articles of great interest, 

to some of which further reference will be made. 

No collections were received this year from Mr. Lucien Turner, super- 
intendent of the volunteer stations of the Signal Service of the Aleu- 

tian Islands. Large gatherings, however, have been made by him 

which will be due during the year 1881. 

Mr. James G. Swan, of Neah Bay, Puget Sound, has continued his 
valuable contributions to the National Museum, which have now ex- 
tended over a period of many years. Being especially interested in 

ethnology, specimens belonging to that branch were particularly at- 

tended to, while many fishes also have been forwarded. 

Commander L. A. Beardslee, of the Jamestown, stationed at Sitka, 

Alaska, has also made many contributions of birds and ethnological 

objects. 

A most important and extended exploration of the Pacific coast was 

that conducted by Prof. D. S. Jordan, assisted by Charles H. Gilbert. 

Professor Jordan was detailed by Mr. Goode, in charge of the fishery 
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branch of the census of 1880, to obtain all the procurable information 
in regard to fishery of the western coast; and leaving Washington in 

December, 1879, after spending some time in San Francisco he proceeded 
to San Diego and thence by successive stages to Puget Sound, his work 

there overlapping and uniting with that of Mr. Swan. In this work he 

embraced the opportunity of making extensive collections of alcoholic 

specimens, of which no less than 65 large cans were transmitted. These 
contain about 260 species of fishes, a number of them new to science, 
and for the most part in sufficient numbers to supply many institutions 

with duplicates, and to transmit desirable exchanges abroad. 

The revenue steamer Corwin, on her usual cruise in the seas of Northern 

Alaska, during 1879, was accompanied by Dr. R. White, of the Marine 

Hospital Service, and a trained, ardent naturalist. Many important col- 

lections were made by Dr. White, especially of seals, including many 

foetuses, birds, and fishes. His specimens were received in the early 
part of the year, and submitted for examination to various experts. I 

regret extremely to have to report the untimely death of Dr. White, 

partly from exposure in the service. In a second cruise of the Corwin 

in the North Pacific and Arctic Ocean, in 1880, Captain Hooper made 
another collection of great interest, including a series of fossil bones from 
Kotzebue Sound. 

Mr. Belding, of Stockton, Cal., has furnished some interesting objects 
from the interior of the State. The most important contributions, how- 

ever, from the inland portion of the Pacific region have been those 

supplied by Capt. Charles Bendire, of the First United States Cavalry, 

an officer the value of whose services in the development of a knowledge 

of the natural history of the West can scarcely be overestimated. For 

many years, while stationed at military posts, he has been occupied in 

securing eggs, nests, and birds, and other objects, and placing the infor- 

mation and material thus gained in the hands of correspondents and 

scientific specialists throughout the country. This service to science has 

not involved any interference with his duties as an officer, his military 

record being a brilliant one. Some months of the year 1880 were occu- 

pied by Captain Bendire in the investigations of certain vexed questions 

connected with the salmonidz of Oregon and Washington Territory. 

Leaving with a small party of men he visited numerous localities and 

brought in a series of fishes, which, when fully examined, will enable us 

to solve many problems in regard to them. Many other specimens, as 

birds, &c., were obtained by Captain Bendire and transmitted to Wash- 

ington. 

Arizona has been represented by collections of living reptiles, fur- 

nished by Dr. Corson and Dr. Moran, of the United States Army, as 

also by a series of plants from Colonel Burr. 

The contributions from New Mexico have been extremely important, 

consisting, first, of a series, in 1879, of specimens gathered by Mr. James 

Stevenson, with the assistance of Mr. Frank H. Cushing; and, secondly, 
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of a series gathered by Mr. Stevenson in 1880, assisted by Mr. Galbraith. 
These explorations were under the immediate direction of Maj. J. W. 
Powell, in charge of the Smithsonian Bureau of Ethnology ; their special 
object being the acquisition of a complete series of objects illustrating 
the manners and customs of the pueblo towns of New Mexico and Ari- 

zona. The investigation was carried from village to village, and about 

one-half of the articles have been thoroughly worked up. The collection 

embraces an immense quantity of pottery, of stone implements, dresses, or- 

naments, &c. Mr. Hillers, a competent photographer, accompanied both 

expeditions and obtained a large number of photographs, as also the 

measurements of various Indian towns, both occupied and abandoned, 
to serve as materials for a series of models. . : 

Dr. J. C. Merrill, of the United States Army, has sent in a valuable 
general collection from Fort Shaw and Montana. 

Mr. Charles Rusby has also sent in some rare mammals from Wyoming 

Territory. 
The collections from Florida have been very extensive and valuable- 

These consist, in part, of large numbers of fishes, furnished by Mr. Silas 

Stearns, of Pensacola, while in the employ of the fishery branch of the 

United States census and subsequently; and Mr. S. T. Walker, who, in 

addition to fishes and reptiles, has sent large numbers of objects obtained 

from the Indian mounds. From Mr. James Bell, of Gainesville, have 
also been received valuable collection of ethnological objects and of liv- 

ing reptiles, including many specimens of serpents of unusual size, which 

have served to swell the series of plaster casts exhibited in the National 

Museum. : 
The Atlantic coast of Florida and other Southern States is well repre- 

sented by collections of fishes by Mr. R. E. Earll and Prof. M. MeDon- 

ald, of the fishery census department. From, or through, Mr. ©. C. Les- 

lie, an extensive and well-known fish dealer of Charleston, have alSo 

been received many rare and some undescribed species of fishes. 

_ The operations of the United States Fish Commission have furnished 

a large number of objects from the middle coast of the United States, 

especially from the line of the Gulf Stream south of New England, 

Further reference to this will be made under the special head of the 

Operations of the United States Fish Commission. The receipts through 

- the Commission include, also, large numbers of specimens obtained by 

the Gloucester fishing fleet, and which is furnished in an alphabetical 

record of the donors. 
The ornithology of the peninsula of Virginia in the vicinity of Cobb’s 

Island has been well investigated by Mr. Robert Ridgway, Mr. Henry 

Marshall, and Mr. P. Jouy, all connected with the National Museum. 

Many interesting birds, with their eggs, and of the young in downy 

plumage, were secured in good condition for mounting. 

On the western coast of Mexico, and especially in the Gulf of Cali- 

fornia, Mr. Charles H. Gilbert, after completing his census work on the 

S. Mis. 31——4 : 
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California coast, made large collections of fishes for the National 
Museum. Not much else has been received from Mexico beyond some 

contributions from its National Museum, through the director, Mr. G. 
Mendosa, and some interesting objects from Prof. A. Dugés, of Guan- 
axuato. 

Previous reports have contained an account of the important services 

of Mr. F. A. Ober in his natural history explorations in the West Indies. 

This gentleman has renewed his work in that region in visiting a num- 

ber of islands previously unexplored by him, and in sending the material 

results to the Institution. The National Museum now, by his assistance, 
contains by far the most complete collections of the birds of the West 

Indies in existence. 

Dr. H. H. Nicholls, of Dominica, W. I., has also made some valuable 
contributions, including a large and undescribed species of parrot, named 

by Mr. Lawrence Chrysotis nichollsti. The collections from Dr. Nicholls 

include, also, some very interesting fishes, &c. From Mr. L. Guesde 

has been received a series of excellently painted illustrations of Carib 

antiquities in his possession, or accessible to him on the island. These 

it is proposed to reproduce in a memoir to be published by the Institu- 

tion. 

Mr. Edward Newton, colonial secretary of Jamaica, has favored the 
Institution with several specimens of living boas, to be reproduced in 
plaster. Professor Poey, the eminent naturalist of Havana, has also 
sent living reptiles, together with a number of fishes,—types of his elab- 

orate papers. 

South America is mainly represented by the contributions of Mr. 

Figyelmesy, United States consul at Demarara. This collection con- 

sists of ethnological objects, including a large boat, such as is used by 

the natives. 

As already stated, the collections from Europe have been principally 

series of fishes obtained for the most part by Mr. Goode at the Fishery 

Exposition in Berlin, and furnished in exchange for series of fishes, &c., 

carried from Washington for the purpose. 

Some desirable specimens of native handiwork from Western Africa 

have been forwarded by Mr. Smythe, the United States minister at 

Liberia. 

Having thus given a brief sketch of the principal regions illustrated 

by the collections transmitted during the year 1880 to the National 

Museum, a reference to the objects themselves in their systematic order 
may not be amiss. 

Mention has already been made of a large number of general collec- 

tions from different localities; that is to say, transmissions embracing 

more than one particular group of objects. The most important of these 

were received from Alaska, Florida, and New Mexico, although many of 

more or less importance came from other regions. In later years the col- 

lections most attractive to visitors in a public museum have been 
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those illustrating the character and mode of life of the various portions 

of the human race, more especially of those whose existence on the 

globe dates back to a greater or less period in the remote past; and 

it is in this direction that the National Museum may claim a special 

importance so far as North America is concerned. With the exception of 

fishes, the larger number of objects received relate to archeology and 

ethnology. A prominent collection of this character is that transmitted 

by Mr. E. W. Nelson from Saint Michaels. This embraces illustrations 

of the handiwork of the Esquimaux of a large portion of Northwestern 

Alaska, gathered in the journeys made by Mr. Nelson under great risks 

and privations. They include objects of special interest in the way of 

modern carvings of bone and stone, as well as many purely prehistoric 

articles obtained from old Esquimaux settlements, long since aban- 

doned. Mr. Nelson’s return is expected in a year or two, and he will 

then devote himself especially to the preparation of a series of elaborate 

reports on these and other researches. 

Searcely inferior in interest and value are the ethnological collections 

made by Dr. T. H. Bean and Mr. William H. Dall, on the voyage of the 

United States schooner Yukon, to which reference has been made in 

previous pages. These were gathered at points of the cruise of the 

vessel on her journey from Sitka and various pn places of the 

North Pacific and the Arctic Oceans. 
Captain Beardslee, of the Navy, has also furnished some valuable 

additions to the Alaskan series. 
The collections made, under the direction of Maj. J. W. Powell, by 

Mr. James Stevenson, wiéh the assistance, first, of Mr. Frank H. ash: 
ing, and, second, by Mr. Galbraith, coneataie: enormous additions of 

material to the National Museum, illustrating the character of the pueblo 

tribes of New Mexico. They embrace many thousands of SES GUNE DS of 

pottery, dresses, ornaments, weapons, We. 

For further information in regard to the smaller collections in anthro- 

- pology, reference may be made to the alphabetical index of donors. Of 

special note, however, among these, are some objects of stone collected 

by Judge Henderson from the Naples mound in Illinois. 

From Don Ignacio Galendo, of Monterey, was received an ancient 

mummy from a cave in Coahuila. A stone image from Mr. Latimer, of 

Porto Rico, constitutes an important addition to the collection of Porto 
Rican antiquities bequeathed to the Smithsonian some years ago by Mr. 

George Latimer, his uncle. 
Mr. Figyelmesy, of Demarara, has sent some interesting objects, con- 

sisting of an Indian boat, some Indian pottery, &e. 
Of mammals, the most important contribution is that of a large series 

of fossil bones (including some reptiles) from Capt. E. Crawford, U.S. 

A. These, at his request, have been placed at the command of Pro- 

fessor Marsh for investigation. 
A fine skull of the fossil beaver (Castoroides) was obtained by ex- 

change from Professor Kost, of Adrian College. 
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An extremely important addition to the collection of North American 

mammals is that of two good, mountable skins of the Histriophoca 

equestris, or parti-colored seal of the North Pacific, of which only a 

tanned skin had been previously in possession of the Museum. These 

were obtained through the instrumentality of Mr. Dall. 
Dr. White, of the Revenue Marine, obtained many specimens of fur 

4eals, including several embryos in alcohol. The Alaska Commercial 

Company also supplied a similar collection. Judge Caton, of Llinois, 

so well known for his great work on the ruminating animals of North 

America, has furnished a specimen of Hydropotes inermis, a small horn- 

less deer belonging to China. 
Captain Howgate has presented two full-blooded Esquimaux dogs, 

which have been sent to the Zoological Garden in Philadelphia for safe 

keeping. From the garden itself has been oltained a series of skele- 

tons of monkeys that had died in the garden. An embryo porpoise 

from Mr. E. E. Small, of Provincetown, is also highly valued. 

Of birds, many collections have been received, the most important 

being the Alaskan series from Mr. Nelson, Dr. Bean, and Captain 
Beardslee. Captain Bendire has furnished some much-appreciated 

skins from Washington Territory; and a series of the birds of Cali- 

fornia, from Mr. L. Belding, of Stockton, has filled some important gaps 
im the collections. 

During the summer Mr. Ridgway, curator of ornithology in the Insti- 

tution, accompanied by Mr. Henry Marshall, taxidermist, and followed 
subsequently by Mr. P. Jouy, an assistant in the Museum, visited Cobb’s 

Fsland on the peninsula of Eastern Virginia, and obtained a series of 

adults and young of a number of water birds from the remarkable breed- 

ing grounds of that island. 

A few specimens of Barrow’s Golden eyed duck, in the flesh, were 
furnished by Mr. G. A. Boardman. 

The barnacle goose (Lernicla leucopsis), presented by Mr. J. J. Kendall, 

of New York, is the first specimen of that species obtained by the 

Museum from a locality within the limits of the United States, although 
a skin was received several years ago from Hudson’s Bay. 

A finely-mounted specimen of the trumpeter swan, killed in Wiscon- 

sin, was furnished by Prof. T. Kumlien, and a mounted sand hill crane 
by Mr. Prouty. 

The accessions of birds from Mexico and Central America were 

fewer than usual, although some interesting Mexican specimens were 

furnished by Professor Dugés. 

An important addition to the West Indian collections was made by 

Dr. Nicholls, of Dominica, in the form of a new and large species of 
parrot. This, as previously stated, has been described by Mr. Law- 

rence as Chrysotis nichollsiti. Mr. Ober, in a renewed visit to the West 
Indies, also added ‘considerably to his former gatherings from islands 
previously unvisited by him. The first series of his collections was 

obtained by the Institution and placed in the National Museum. 
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The additions of reptiles, although not very extensive, have been very 

important, especially in the way of living specimens to serve as models 

for a series of plaster casts. Among these were living Gila monsters 

(Heloderma suspectum), from Dr. Corson and Dr. Moran, of the United 

States Army, together with some turtles and lizards. 

A living leather back turtle was sent from York River, Chesapeake 
Bay, by Mr. J. Henderson. Mr. Bell, of Gainesville, Fla., transmitted 

a magnificent series of most of the serpents of that State; among them 

a banded rattlesnake, nearly seven feet in length. These have been for 

the most part cast inplaster. Some of them were supplied to Dr. Mason, 

of Newport, for examination and to serve as material for microscopical 
investigations of the tissue of the brain and spinal marrow. 

Living boas were furnished by Mr. Edward Newton, of Jamaica, and 
Professor Poey, of Havana, the latter gentleman sending also some 

living species of lizards and snakes. 

Fishes.—As might be imagined from the activity manifested during 

the year by the United States Fish Commission, and the fish census of 

1880, the collection of fishes has received great additions, no previous 

year in the history of the National Museum comparing with it in this 

respect. The most important contributiens in this department consisted 

of the collections by Prof. D. S. Jordan and Mr. Charles H. Gilbert, of 

the fishery census. These gentlemen devoted a number of months dur- 

ing the year to the systematic investigation of the food-fishes of the 

western coast of the United States, and traversed the whole region from 
San Diego to Puget Sound in their researches. The results filled 65 

large tin cans, of 4 to 6 cubic feet each. About 260 species in all were 

‘obtained, many of them new to science. Seventy duplicate sets of 

Specimens were secured for distribution to the principal museums, at 

home and abroad, and will be promptly transmitted to their respective 

destinations. 

Mr. Gilbert, after completing his work on the California coast, started 
on his homeward journey by way of the Isthmus of Panama, and has 

already made very large collections in the Gulf of California. 

Mr. James G. Swan, of Neah Bay, Puget Sound, also obtained and 
transmitted many specimens of fishes of that*locality. The American 

waters farther to the north were thoroughly explored in the interest of 

ichthyology by Dr. T. H. Bean. The results amounted to between 80 

and 100 species, some of them new to science, and others, long lost spe- 

cies, of Pallas, We. 
Captain Hooper, of the revenue cutter Corwin, also transmitted some 

valuable collections from the Arctic Ocean, among them a species of 

Coregonus from Point Barrow. 

Commander Beardslee, of the sloop of war Jamestown stationed at 
Sitka, secured a number of desirable species. One of the most interest- 

ing collections of the year was that made by Captain Bendire in the 

interior waters of Washington Territory, in the course of a journey 
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instituted by him, with the permission of the War Department, for the 
purpose of solving certain problems connected with the fishes of the 

Columbia River and other waters, and especially the red fish of the 

Wallowa Lake. His collections are now in the Museum, and will be 
duly reported upon at the proper time. 

A number of collections of fresh-water fishes from the interior of the 
continent, especially from Utah, were furnished by Mr. G. K. Gilbert, 

&e. A collection of Mississippi Valley fishes, from Prof. O. P. Hay, is 

also highly prized. 

The fishes of the Gulf of Mexico were furnished in large numbers dur- 

ing the year by Mr. Silas Stearns, of Pensacola, and Mr. 8. T. Walker, 

many of them undescribed species. 

The South Atlantic coast is represented by some very valuable speci- 

mens obtained by Mr. C. C. Leslie, a fish-dealer of Charleston, who has 

previously placed the Institution under many similar obligations. He 

was also instrumental in securing a number of collections made from the 

outer islands or banks of the southern coast. 

Mr. hk. E. Earll and Col. M. McDonald, of the fishery census, have 
also made and transmitted many extremely interesting collections, all 

tending very greatly to complete the east coast species. 

The first specimens of the eagle ray, sometimes called the devil fish, 

obtained by the Institution were furnished by Lieutenant Sweitzer, U. 

S.A. This species sometimes obtains an enormous magnitude, reach- 
ing 20 or even 25 feet across the fins. 

As a regular contributor, Mr. E. G. Blackford, of Fulton Market, New 
York, has continued to furnish some very desirable species, his vigilance 

being constantly exercised to obtain whatever he thinks is new, and to 
forward it to the Institution. 

The collections made by the United States Fish Commission, in its coast 
explorations during the year, have been of unusual value, no less than 

20 undescribed species of deep-sea fish having been taken during the 

summer, with others not previously obtained, but already known. 

As usual a large number of rare,tand some new, species were obtained 
from the members of the Gloucester fishing fleet, through the instru- 
mentality of Mr. A. Howard Clark, of the Fish Commission, stationed 
at Gloucester. The most noteworthy additions to the Museum resulted 

from the work by the Fish Hack, on the edge of the Gulf Stream, where 
four day’s work furnished 20 new fishes and over 150 species of mol- 

lusks, of which about 40 were new to science. Other invertebrates of 

interest were supplied by the Gloucester fishermen, and a number: of 

desirable species were obtained by Professor Jordan, Mr. Swan, Captain 

Beardslee, and Messrs. Bean and Dall from the Pacific coast. 
Among interesting illustrations of the progress and results of the fish- 

cultural operations of the country received during the year have been 

several species of salmonide, sent in by Mr. Stone from the McCloud 

River. Mr. N. K. Fairbanks has furnished a specimen of California 
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salmon, caught in Geneva Lake during the summer, weighing about 10 

pounds, this being undoubtedly one of the young fish introduced into 

that lake some years before, hatched from eggs supplied by the United 

States Fish Commission from the McCloud River establishment. 

Another important specimen was that of a carp, from Mr. G. B. Mob- 

ley, of Texas. This fish was one of a sending into Texas by the United 

States Fish Commission in April, 1880, at which time it was about 4 

inches long and probably weighed but little over an ounce. Hight 

months after it was brought back from Texas to Washington, measur- 

ing 21 inches and weighing more than four pounds! a very remarkable 

illustration of the rapidity of the growth of this fish in America. 

The acquisition, through the instrumentality of Mr. E. W. Dennison, 

of Boston, of a large brook trout was also a subject of interest, this fish 

weighing more than 11 pounds and being one of the largest of the kind 

ever taken within the limits of the United States. 

Of exotic fishes the most important are several series of European 

Species, obtained by Mr. Goode at Berlin and from his colleagues at the 

International Fishery Exhibition. 

Reference to these will be found on another page. 

A collection of fishes made some years since at Beyrout, in Syria, by 

Dr. Kidder, of the Navy, was received last year, in good condition. 

Professor Poey has continued his contributions of type species from the 

Cuban waters. 

A valuable miscellaneous series of fishes was supplied by the Museum 

of Comparative Zoology of Cambridge, embracing species from both 

North and South America. 
Mr. Vinal Edwards, of Wood’s Holl, an agent of the United States 

Fish Commission, has also continued his services in the constant watch 
for rare stragglers. 

In the preparation of the exhibit by the United States at the Inter- 

national Fishery Exhibit at Beriin in 1880, invitations were sent to many 
firms for contributions of specimens. These were quite readily complied 

with. Purchases were made from other parties who declined to contrib- 

ute, and who consequently lost the opportunity of competition. A 

special catalogue will be furnished of this series. The collections, for 

the most part, have been brought back to Washington, to form part of 

the exhibit of fishery products in the new National Museum. 

Shells —One of the most important additions to the collections of the 
National Museum during the year has resulted from the presentation by 

Mr. W.G. Binney of his entire collection of American Land Shells. The 

history of this division of the mollusca, so far as North America is con- 
cerned, is closely connected with the name, Mr. Amos Binney, father of 
William G. Binney, having devoted especial attention to the air-breath- 
ing land shells, and published a very elaborate and costly work on the 

subject. The son took up the same group with the material left by Dr. 

Binney, and has devoted many years of an active and laborious scien- 
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tific career to it. In the collection received from Mr. William G. Binney 
are to be found the types of both these series of researches, furnishing 
a collection scarcely equalled, certainly not surpassed, by that of any 

other museum in the country. 

The possession by a public museum of such a type collecean as . 

Mr. Binney’s is always considered a matter of very great importance, 

especially as the objects are thereby more assured of continued preser- 

vation and ready accessibility to students. It is to be hoped that ad- 

ditional donations of the same character may be made from time to 

time, as no better depository can be found in any other establishment. 

Plants.—As the Department of Agriculture has the special charge of 

the investigations relating to the vegetable kingdom, and is supposed to 

take the necessary steps towards securing representations in its her- 

barium, no special effort is made by the Smithsonian Institution to invite 

or secure contributions, although whatever is received is immediately 

transferred to that establishment. The only accession of importance 

during the year is that of a series of plants of Japan, contributed by the 

Mombusho or educational department of Tokio. 

Fossils —Of fossil remains large collections of invertebrates have been 

deposited by Capt. Geo. M. Wheeler, and others have been presented 

by Mr. B. H. Lyon and other paleontologists. ; 

Minerals.—Many valuable mineral collections have been received from 

various sources, for the most part illustrating economical geology rather 

than geology proper. The largest collection has been that of eight boxes 

collected by Mr. Thomas Donaldson. Mr. Anthony Pirz has furnished 

two magnificent stalactites from the Adelsberg cave in Carniola. 

Paintings.— Among the collections which will form part of the objects 

in the National Museum, a very interesting and instructive exhibit will 

consist of the Indian portraits and scenes painted by the late George 

Catlin. These pictures, all from living subjects and of great merit as 

faithful portraitures of aboriginal life and manners, were presented 

to the Institution in 1879, by Mrs. Harrison, of Philadelphia, but 
the paintings have necessarily been stored since their receipt, await- 

ing the completion of the new Museum. They had also been stored in 

ware-rooms in Philadelphia for many years, so that to preserve and 

present them in a suitable manner with frames, &c., will require con- 

siderable expenditure. 

Miscellanea.—The institution is under many obligations to General 

Meigs for the presentation of medallion likenesses in plaster, of the size 

of life, of George Washington, Abraham Lincoln, W. F. Seward, and Sal- 

mon P. Chase, which were prepared for use in the extension of the 

U. S. Capitol building. As works of art, as well as likenesses of 
eminent citizens, they are regarded as of much value and will be care- 

fully preserved in the historical and art department of the National 

Museum. 
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Work done in the Museum.—As in previous years, the time of the sev- 

eral curators of the Museum and of their assistants has been, toa great 

degree, occupied in receiving the collections coming from various sources, 

doing to them what is necessary for their permanent preservation, en- 

tering them in the record-books, properly labelling them, and then plac- 

ing them in their appropriate receptacles. 

The magnitude of this labor may be easily understood from what has 

been said of the increase of the Museum during the year, no single 

establishment in the United States, nor, perhaps, in the world, being in 

receipt of so great a number of objects requiring such treatment. In 

most establishments where a large amount of material is received 

from time to time, this comes, for the most part, by purchase or dona- 

tion, the several collections having already passed under the hands of 

the taxidermist or specialist, so that all that remains is to properly place 

e matter in a position for permanent preservation. The aggressive 

campaign, carried on directly or indirectly by the Smithsonian Institu- 

tion in unoccupied fields of research, involves a greater amount of labor 

in treating the spoils of conquest. A statement of the general circum- 

stances attendant upon the transmission of a miscellaneous collection of 

specimens. may perhaps serve as an illustration of what is here stated. 

Thus, an explorer in the field announces that he bas transmitted a cer- 

tain collection from a given locality to the Institution. An entry is 

made of the fact in what is called the announcement book, which is 

ruled in columns to show successively the date of announcement, the 

name of the sender, his address, the point from which the sending is 

made, the general nature of the transmission, the agent to or through 

whom forwarded, and the mode of conveyance. There are then left 

two blank columns, one indicating the date of the arrival, the other the 

freight and other charges, which are filled up at the proper time. When 

the package arrives the date is entered in the announcement book, and 

an entry made in another volume (the transportation record). The col- 

lection or object is then recorded in still another volume (accessions to 

the Museum), and has affixed to it a‘ donation” number. Should there 

be any letter or memorandum accompanying the parcel or consignment, 

with fuller details than simply the locality and sender, it is transmitted 

with the package to the general curator, under whose direction the 

latter is opened and the contents assorted. Mammals, birds, reptiles, 

&¢., are assigned respectively to the various curators, whose business it 

is, if possible without delay of a single day, to enter the specimens 

in the respective Museum registers, and to affix a number, as inefface- 

able as possible, corresponding to the entry in what is called the Muse- 

um Register. | 
At this stage it is not necessary that the specimen be accurately 

identified and named, as it is supposed that this can at any time be 

done by the specialist. Care, however, is exercised to make an entry 

‘ of the donor, locality, date, and other facts of the history of the object 
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that a simple inspection or study will not furnish. After this the various 

articles are placed where they properly belong. Some, however, require 

further treatment by the taxidermist or otherwise. 

Should the specimens belong to the ethnological series, and be com- 

posed of animal substances, as of woolen material, fur, &c., they are care- 
fully treated with a solution of corrosive sublimate in alcohol, so as to pre- 

vent danger from insects, and finally placed in the cases where they be- 

long, or packed away until they can be properly considered. Of course, 

collections well dried, shells, minerals, fossils, &c., require little treat- 
ment preliminary to their final disposition. 

This Museum work, as already stated, occupies the greater part of the 

time of the assistants, although most of them find the occasion and the 
leisure to prepare critical monographs in regard to certain species, which 

are then, for the most part, published in the Proceedings of the Natiogal 

Museum. 

The total number of entries in the record books of the Museum dur- 

ing the year, as shown by the detailed list appended; embraces 14,586 

numbers, averaging probably four or five distinct objects to each entry. 

Where a number of articles of the same general character, from the 
same locality, are received from the same donor at the same time, the 

same number may be affixed to all of them, as in the case of a collection 
of shells, of fossils, of stone implements, &c. The total number of en- 
tries and dates amounts to over a quarter of a million (actually, 281,511), 

and fill over 60 large folio ledgers. 

Among the more special investigations conducted by the naturalists 

of the Institution, upon which papers have been prepared, are those on 

archeology, by Dr. Charles Rau; on fishes, by Mr. G. B. Goode, and Dr. 

T. H. Bean; on the birds, by Mr. Robert Ridgway; on the fossils, by 

Dr. C. A. White. Dr. F. M. Endlich, before leaving for the West Indies, 

and subsequently Dr. F. W. Taylor, made numerous examinations as 

well as analyses of minerals. 

Among investigations by nitabounde not directly connected with the 

Institution have been, those of crustacea, by Profs. 8. J. Smith, Oscar 

Harger, and E. B. Wilson, of Yale Collages of mollusks, by Professor 
VerriJl and Mr. Sanderson Smith, of New York; of radiates and worms, 

by Professor Verrill; of reptiles, by Prof. E. D. Cope, of Philadelphia ; 

of fishes, by Mr. 8. E. Garman, of Cambridge; of birds, by Mr. George 
N. Lawrence, of New York, Dr. Elliot Coues, and Mr. Henshaw; of 
mammals, by J. A. Allen, of Cambridge, and Dr. Coues. 

The more important investigation in the marine invertebrates, how- 
ever, has been made directly by Prof. A. E. Verrill, of Yale College, or 
under his supervision. The insects have been transmitted to Prof. C. 

V. Riley and Professor Comstock, of the Department of Agriculture; 
the plants have been referred to the Department of Agriculture or to 
Prof. Asa Gray, of Cambridge. 

Work done on collections.—For a number of years past the Smithsonian 
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Institution has been in receipt of soundings taken by vessels of the 

United States Navy in various parts of the world, and they have been 
held in the hope of being able to make some definite arrangement for 

disposing of them. As, however, there were no funds of the Smithson- 
ian Institution or of the Navy for meeting the cost of investigating 

them and publishing the results, with the necessary illustrations, nothing 

was done beyond placing them in charge of Prof. Hamilton L. Smith, of 

Geneva, N. Y., one of our best-known microscopists, and particularly 
interested in the class of objects referred to. 

During the explorations of the Challenger particular attention was 

paid to the collecting of samples of the sea bottom, and on her return 

to England this branch of research was placed in charge of Mr. J. Mur- 
ray, and at the request of this gentleman, indorsed by Professor Smith, 
the material in hand was sent to him to be elaborated in the prepara- 

tion of the systematic work covering the entire field. This was with the 

stipulation that a special report should be prepared upon the material 

collected by the vessels of the Navy, to be published, if so desired, by 
the Navy Department. 

A very desirable arrangement has been made during the year by the 

Institution in regard to the large collection of fossil plants brought in to 

the National Museum by the explorations of Dr. Hayden, Major Powell, 

Lieutenant Wheeler, &c., Prof. L. Lesquereux, of Columbus, Ohio, 
having agreed to receive the collection in mass, to pick out a reserve 

series for the Museum, and to bring all the duplicates of each species in 

separate packages, so that sets can be readily made up for distribution 

to the educational establishments and museums of the United States. 
The material sent to Professor Lesquereux filled many boxes, and a 

portion of the reserve has already been returned to the Institution, 

although not yet unpacked for want of a place for its exhibition. The 

work will be completed with the publication of a report as soon as cer- 

tain memoirs, now in press, are published, and it becomes possible 

to state the page and plate where each type specimen is illustrated. 

A part of the agreement with Professor Lesquereux is for the prepa- 

ration of a complete check-list of the fossil plants of America, to include 

Greenland and Alaska, to be used in connection with the proposed dis- 

tribution of definite specimens and for the final arrangement of the 
reserve series. 

Dr. C. A. White has been engaged upon the examination, classifica- 

tion, and registering of the paleontological collections, embracing those 

which have for many years been in the possession of the Museum, as 
well as those which have been more recently received, preparatory to 

their final arrangement in the new building. This work of investigation 

has embraced a more or less complete study of those forms which have 

been found to be new to science or otherwise of especial interest, and © 
their publication and illustration in the Proceedings of the National 

_ Museum; and also, incidentally, the separation and labeling of the dupli- 
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cate specimens for exchange. All the invertebrate fossils at present in 

the possession of the Museum have thus passed under a preliminary | 

examination by Dr. White. 

Among the results of the investigation of the invertebrate fossils may 

be mentioned the recognition of Productus giganteus Martin, in a collec- 

tion obtained by the United States Fish Commission at McCloud River, 

Cal., which species was not previously known to occur in American strata; 

the recognition of Stricklandinia salteri and S. davidsoni Billings, among 

some Upper Silurian fossils brought from Northern Georgia by Lieut. 

A. W. Vodges, which two species had hitherto been found only in the 

island of Anticosti. 

As already stated, the fossil plants have been referred to Prof. Leo 

Lesquereux for classification, which work is now in progress and in 

large part completed, the specimens as fast as they were labeled having 

been returned to the Museum. The greater part of the vertebrate fos- 

sils have not yet been investigated, but a considerable number of boxes 

received from Capt. G. M. Wheeler contain the types of vertebrate forms 

which were described and figured by Professor Cope in Volume IV 

Explorations and Surveys west of the 100th Meridian. 

A large proportion of these paleontological collections, vertebrates 

invertebrates, and plants, consists of the type specimens upon which 

species and genera have been founded, and many other species and 

genera are represented among these collections by authentic examples. 

Among them are the types of the greater part of the species which 

have been published in the reports of the different explorations and 

surveys by authority of the general government, and by the Smithso- 

nian Institution and National Museum. 

The following is a list of the titles of the articles from the pen of Dr. 

White, based on the museum collections, which have been published in 

the Proceedings: 

Descriptions of new species of invertebrate fossils. 

Note on Endothyra ornata. 

Note on Criocardium and Ethmocardium. 

Descriptions of New Cretaceous Invertebrate Fossils from Kansas and 

Texas. ; 

Note on the Occurrence of Productus giganteus in California. 

Note on Acrothele. 

Description of a New Cretaceous Pinna from New Mexico. 

Note on Stricklandinia salteri and S. davidsoni in Georgia. 

Description of a very large Fossil Gasteropod from the State of Pueblo, 

Mexico. 

Descriptions of New Invertebrate Fossils from the Mesozoic and Ceno- 

zoic rocks of Arkansas, Wyoming, Colorado, and Utah. 

Distribution of duplicate specimens.—It is a question whether any 
museum has ever made so systematic, thorough, and extensive a disposal 
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of its surplus material as has been made by the Smithsonian Institution 
within the last twenty-five years. There is scarcely a public museum in 

the country, especially if connected with a scientific society, university 

or college, that has not received a share. In later years these distribu- 

tions have been extensive including, as they have, the surplus stock 

gathered by the extensive operations of the United States Fish Com- 

mission. ‘ 

An additional advantage connected with these distributions is the 

fact that nothing is ever sent out without being thoroughly identified 

and named by competent masters, so that the objects constitute types 

of the utmost value. 

The extent to which this distribution has been carried during 1880 

may be understood from the fact that it embraced over 14,000 specimens, 

each accompanied by labels showing name, locality, &c. The total num- 

ber of specimens distributed to date is not much short of half a million 

(actually 407,255). 

Assistants in the Museum.—A large appropriation was made by Con- 

gress for the service in the National Museum required by the erection 

of the new building, and available first in 1880. This required a reor- 

ganization of the entire force and a more specific definition of the duties 

and responsibilities to the Institution. All persons who had been em; 

ployed received a specific letter of appointment, a condition of which 

requiring formal acceptance in writing was that the incumbent, during 

his connection with the Institution, should make no private collections 

in natural history of any kind whatever. This rule is in force in all the 

European museums, and is considered absolutely necessary for their inter- 

ests, as the curators have ample opportunities of inducing the diversion 

of material from the museum to themselves, if they are so inclined. In 

the experience of the Smithsonian Institution there has been no reason 

to suppose that this danger is to be guarded against; but it was thought 

best to establish a general principle, so that there should be no misun- 

derstanding at any time. All the persons appointed have agreed to the 

condition, which is now in full force. 

Courtesies from Foreign Museums.—The authorities and trustees of 

the British Museum have been engaged for several years in the pre- 

paration and erection of new buildings at South Kensington, for the 

accommodation of the natural history collections, transferred from the 

location where they have been housed for so many years; and as it was 

presumed that the architects and curators of the museum would make 

a very exhaustive study in regard to what was needed for the exhibition 

of the specimens in the new building, application was made to Dr. Giin- 

ther, the chief of the zoological department, for such information as he 

might feel at liberty to render. He kindly and promptly responded by 

sending numerous drawings and specifications, whichhave been carefully. 

studied and made good use of in connection with the arrangements for 

the National Museum building. 
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The directors of the science and art branch of the South Kensington 
Museum have very kindly supplied a volume containing engraved plans 

and elevations of the glass cases of that establishment. 

To Prof. A. B. Meyer, of Dresden, the Institution is also indebted 
for drawings of certain new iron cases lately erected in the Zoological 

Museum of that city. He added to the obligation also by having pre- 

pared and’ sent to us the elementary parts of the cases, of natural size, 

so as to furnish a better idea of the mode of construction and fitting. 

THE ETHNOLOGICAL BUREAU. 

As in previous years, an appropriation was made by Congress for the 

prosecution of researches into American ethnology in 1880, under the di- 

rection of the Smithsonian Institution. The superintendence of this work 

was continued in charge of Prof. J. W. Powell, the appropriation being 

expended partly in keeping up the office organization of the Bureau and 

partly in continuing the series of special researches into the ethnology 

and linguistics of the Indian tribes. A portion of the appropriation was 

also expended in continuing the explorations under the direction of Mr. 

James Stevenson into the ethnology of the pueblos of New Mexico. In 

1877 a number of villages were visited and complete collections of every- 

tlfing illustrating their domestic habits, their weapons of warand the chase, 

their religious ceremonies, &c., were obtained. During the present year 

other villages were visited by the same parties, and large collections 

were made and shipped to Washington. These have not yet been re- 

ceived, but when they arrive will constitute a very important addition to 

the National Museum. 

In addition to the general work prosecuted by Major Powell, he has 

been requested by General Walker to superintend the work of taking 

the census of the Indians for the census of 1880; and for this purpose 

he has appointed a number of agents to visit various portions of the 

United States for carrying out this business. Major Powell himself has 

spent a number of months in the field in connection with the same work. 

RELATIONS OF THE INSTITUTION TO OTHER DEPART- 
MENTS AND ESTABLISHMENTS. 

As shown by the past history of this Institution, its relations to the 

different departments of government and to numerous establishments 

in this and other cities have been varied and important. 

The Government.—With the Library of Congress, the Institution is 

brought into constant intercourse, from the many contributions of valu- 
able scientific works and journals continually made from donations, ex- 

changes, purchases, and other sources. With the Army Medical Museum 
there is the exchange of anatomical objects for ethnological and zoological 

specimens. With the Signal Office of the War Department there have 
been interchanges of meteorological observations and records. With 
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the Interior Department has naturally arisen a frequent communication 

relative to the material and information derived from the various goy- 

ernment explorations and geological surveys. The Treasury Depart- 

ment has had occasion to institute investigations relative to the precise 

identification of manufactured and other articles, and the methods of 
detecting substitutions or adulterations, with special reference to cus- 

toms duties and the prevention of fraud in the collection of revenue. 

‘With the United States Coast and Geodetic Survey, interesting rela- 
tions have sprung up relative to certain features in physical geography. 
The scientific character of the National Observatory has naturaily 
brought about an affiliation of the interests and purposes of the two 
institutions, and co-operation has been maintained especially with refer- 

ence to the international transmission of astronomical discoveries by 
telegraph. To the custody of the Agricultural Department, the In- 

stitution has transferred from time to time all the entomological and 

botanical material coming into its possession from the contributions of 
its humerous correspondents. 

Gallery of Art.—In conformity with the established policy of the In- 

stitution—“ co-operation rather than competition”—it has made the 

Corcoran Art Gallery its depository of any works of fine art it may re- 

ceive by exchange or otherwise. 

A portrait which is claimed to be an original likeness of General 

Washington was sent to the Institution by Mr. E. C. Bruce, of Virginia, 

to be placed on exhibition in hopes of finding a purchaser at a satisfac- 

tory price. This portrait, said to have been painted by Mr. Polk, was, 

with the consent of the owner, deposited in the Corcoran Art Gallery, 
where it is now on exhibition. 

In the early part of the year a letter was received from Mr. 

W. W. Evans, of New York, suggesting that communication be ad- 

dressed to the Government of Italy for the purpose of obtaining some 

of the numerous duplicates secured by the latter in the progress of the 

excavations at Pompeii. In pursuance of the suggestion a correspond- 

_ ence was entered into, through the American minister in Rome, with the 
proper authorities in Italy. This is not yet concluded, but it is thought 

that whenever a suitable exchange can be offered on the part of the Na- 

tional Museum the desired object may be accomplished. 

In connection with the subject of art, a favorable mention should be 
made of a life-size bust of Professor Henry, by Mrs. C. 8. Brooks, of 
New York, now on exhibition in the Regents’ room of the Smithsonian 
building. This bust, of considerable merit as a portraiture, is remark- 
able as having been modelled entirely from a photograph. 

Polaris Expedition.—The history of the expedition of Capt. C. F’. Hall 

in the direction of the North Pole, on the steamer Polaris, and its gen- 

eral results, have already been referred to in previous reports. As was 
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to be expected, Congress made a liberal provision for the publication of 

the results of the expedition. The narrative volume was prepared un- 

der the supervision of Admiral Davis, at the time Superintendent of the 

Naval Observatory at this city, and the volume of physical results, pre- 

pared under the direction of Dr. Emil Bessels, the chief of the scientific 
corps of the expedition, and pr:nted by Congress. There still, however, 

remains a large amount of material relating to the geology, natural his- 

tory, and ethnology of arctic America, and Dr. Bessels has been con- 

tinuing the elaboration of this work for publication, having a room in 

the building assigned for the purpose. 

Congress at the last session made an appropriation of $8,000, and 

placed it under the direction of the Smithsonian Institution, to be ex- 

pended in preparing this material for final publication. The supervi- 

sion of the work was placed in Dr. Bessel’s hands, and in order to com- 

plete his researches on the history of the Esquimaux, it became necessary 

for him to visit Copenhagen and have conference with Dr. Rink in ref- 

erence to that branch, as also to study the collections in the Copenhagen 

Museum. He has been very sucessful in his mission, and expects to re- 

turn in February, and immedtately thereafter to begin the printing of 

his final report. By authority of the Secretary. of the Treasury the dis- 

bursal of the funds was placed in charge of Mr. Thomas J. Hobbs, one 
of the disbursing clerks of the Treasury Department. 

The Alaska Commercial Company.—For many years the Alaska Com- 

mercial Company has acted to a great degree as the agent of the Smith- 

sonian Institution on the Pacific coast, and the heartiest acknowledge- 

ments are due for its assistance during the year 1880, as well as in pre- 

vious years. It has not simply been the agent for the transmission or 

reception of packages between Washington and San Francisco, but has 

readily undertaken the purchase of supplies and their transmission to 

the agents of the Institution, in many cases making large money ad- 

vances. The entire business has necessarily involved the employment 

of much official time, and in some cases doubtless considerable annoy- 

ance. This, however, has been cheerfully rendered by the company 

without any consideration whatever. 

The company has also made many contributions to the Museum from 

the collections sent toit by its own agents. 

Centennial Commission Archives.—In the latter part of 1880 a meeting 

of the executive committee of the International Exhibition of 1876 was 

held in Philadelphia for the purpose of closing up the business of the 

exhibition. It was then decided to deposit all the archives of the com- 

mission in the National Museum at Washington, and the Secretary of 

the Smithsonian Institution was notified of this action. 

The value and importance of these papers, plans, &c., will increase 

with time, and the determination of the commission to secure for them 
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permanent preservation at the national Capital is to be considered as 

patriotic and judicious. J have formally assured the commission of the 
willingness of the Institution to receive the articles as soon as a suitable 

place can be prepared in the new Museum for their reception. 

National Academy of Sciences.—The regular meeting of the National 

Academy of Sciences was held in Washington on the 20th day of April, 

the accommodations being furnished, as in 1879, by the officers of All 

Souls’ Church. It is hoped that at no distant day it may be in the power 

of the Smithsonian Institution to again offer the necessary facilities of 

room, &¢c., to the Academy. Prof. Wm. B. Rogers, president of the 

Academy, presided, and the meeting was in every way a successful one, 

a very large proportion of the members being in attendance and 

many interesting papers communicated. As the early history of the 

Academy was closely connected with that of the Smithsonian Institu- 

tion, by reason of Professor Henry having been the president for many 

years, the files, correspondence, and archives were searched for data 

illustrating this relationship, and the results transmitted to Professor 

Rogers. 

Paris International Congress and Exposition relative to Electricity.— 

Through the courtesy of the State Department, this Institution received 

early copies of circulars and programmes relative to a proposed inter- 

national congress of electricians, and also to an international exhibition 

of electrical apparatus and applications, to be held at Paris in 1881. 

These papers have to some extent been appropriately distributed. By 

an ‘official decree of President Grévy, of the French Republi, dated 

October 23, 1880, a congress of electricians is invited to meet at Paris 
on the 15th of next September (1881), the presiding officer of which 

body will be the minister of the postal service and telegraphs, M. 

Ad. Cochery. An international exposition of electrical apparatus of 

all kinds, designed for the production, propagation, and utilization of 

electricity (as well as of ail memoirs and treatises relating to that subject) 

is appointed, to be held in the palace of the Champs Elysées, from the 

Ist of August to the 15th of November, 1881. M. George Berger has 

been appointed the commissioner-general of the congress and of the ex- 

hibition. : 
Asa token of interest and co-operation in this enterprise, the Insti- 

tution has sent to the commission, for deposit in the bibliographical 

class, a copy of each of its publications relating to electricity and ter- 

restrial'magnetism, to wit, four numbers of its octavo series (of Miscel- 

laneous Collections), and thirteen numbers of its quarto series (of Smith- 

sonian Contributions). 

Recognition by Foreign Governments.—A gratifying testimonial to the 

appreciation of the Smithsonian Institution in its labors connected with 

the results of international exehanges, &c., was furnished by the action 

S. Mis. 31——9 
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of the International Exposition in Sydney, Australia, in presenting to it 

a bronze medal, although no exhibit of any kind was made by the Institu- 

tion on that occasion. 

MISCELLANEOUS MATTERS. 

Loss of Employés and Collaborators.—It is seldom that a year passes 
without entailing the mournful task of recording the loss by death of 

one or more of those who have been either directly employed by the 

Institution, or have rendered it assistance in the prosecution of its varied 
scientific operations. In the necrology of the past year, several valued 

names are to be included. 

In the death of Dr. TaomAs M. BREWER, at his residence in Boston, 
on the 2d of January last, the Smithsonian Institution loses one of its 
best and earliest friends, and one who always rendered important serv- 

ice in his capacity as editor of a leading Boston daily journal, and did 

much toward keeping the public advised of the true spirit of the opera- 

tions of the Institution. 

In his death the science of:ornithology loses one of its earliest votaries, 
constituting, as he did, a connecting link between the present epoch and 

the period of Audubon and Nuttall. Dr. Brewer’s specialty was in his 

knowledge of the history and the habits of birds, and especially of their 

nidification, and he has always been the highest authority on everything 

relating to the eggs of North American species. Many years ago he 

planned an exhaustive work on North American Oology, to be illustrated 

by the best drawings that could be procured, and an agreement was 

made by the Smithsonian Institution to publish this work in successive 

parts. The first number of this North American Oology was published 

by the Institution, and embraced more particularly the rapacious birds, 

the swallows, the goat-suckers, and the king-fishers. This publication 

took place at a time when the knowledge of North American birds was 
undergoing many changes, resulting from the expansion of the territory 

of the United States and the better knowledge of its different portions. 

The further publication was deferred for a time, but arrangements 
were being made at the time of his death to take up the work again and 

carry it to its completion. 

Dr. Brewer has done a great deal towards popularizing American 

ornithology by his investigations and correspondence with ornithologi- 

cal students of all grades of advancement. To no one so much as to Dr. 

Brewer is due the love of ornithology that is so prevalent in New Eng- 

land. In 1840, he published an American edition of Wilson’s Crnithol- 

ogy, which met for a time a much felt want, and he has also published 
a large number of papers on ornithological subjects. His most im- 

portant work, however, was in connection with the History of North 

American Birds, by Baird, Brewer, and Ridgway, printed by Messrs. 
Little & Brown, in 1573, of which three volumes have so far appeared, 
namely, those on land species. Of these the entire biological text was 

_ 
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furnished by Dr. Brewer. At the time of his death, he left behind the 

manuscript of the water-bird portion of the same history. This is now 

in the hands of Mr. Alexander Agassiz, and will probably be published 

soon as one of the remaining portions of the work. 

Dr. Brewer had been throughout his life one of the chief supporters 

of the Boston Society of Natural History, of which, indeed, he was 
one of the founders, occupying year by year important posts in con- 

nection with the society; and his influence upon it cannot easily be over- 

estimated. 

After giving up his editorial connection with the Boston Atlas and 

Traveller, Dr. Brewer entered into business as a publisher and book- 

seller; and retiring from this a few years ago, he spent a year and a 

half in travelling in Europe, in the course of which he visited all the 
ornithological and oological establishments, and arranged special con- 

nections between their owners or the curators. Partly as the result of 

this visit, and partly of long-continued and persistent efforts, he became 

possessed of one of the finest general collections of eggs in the world, 

but especially rich in the North American species. These collections he 

caused to be passed over at his death to the Museum of Comparative 

Zoology of Cambridge, where they are safely preserved, and constitute 

one of the most striking features of that great’ museum. 

The death of Mr. JAMES W. MILNER, which occurred at his residence, 
Waukegan, Illinois, on the 6th of January, 1880, was a serious loss to 

the science of fish-culture. Mr. Milner had been connected with the 

United States Fish Commission as assistant commissioner for many 

years past, having been in its service indeed, from the first year of its 

organization. He commenced his labors, as a collector of statistics in 

regard to the fisheries of the great lakes, the results of which appear 

in the reports of the commission. In later years he had had charge 

more particularly of the division of the propagation of food-fishes, in 

the course of which he invented or brought into use many important 

practical discoveries. In the course of his visits to different parts of 

the country he also took occasion to make extensive collections in 

natural history for the National Museum, all of which are recorded in 

its catalogues. 
Mr. Milner’s illness was induced by a severe cold (taken in the spring 

of 1878,) which assumed a malarial tendency, and required his return to 

Lake Michigan for recuperation. He again assumed charge of his work 

in the autumn of that year, organizing the arrangements for the hatch- 

ing of codfish by the United States Fish Commission at Gloucester, in 

the months of October and November. His increasing indisposition, 
however, made it necessary for him to go to some other locality, and he 

returned to Washington, and after spending a short time he went to Flor- 

ida, where he remained during the winter. 
He returned to Waukegan in the spring of 1879; but this season was 

exceptionally raw and trying on the lakes, and by the direction of his 
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physician he visited Colorado for the summer. He, however, failed to 
improve, and was brought to Waukegan in the autumn, and after much 

suffering died, as stated, on the 6th of January, 1880. 

A man of modest and agreeable demeanor, Mr. Milner, by careful obser- 

vation and study, had mastered the theory and practice of fish-culture, 

and had himself made many important improvements. His loss to the 

Fish Commission is one which it will be extremely difficult to replace. 

Mr. J. HOMER LANE must be mentioned as a valued collaborator of 

the Institution, who died in this city May 3d of the past year. A grad- 

uate of Yale College, he commenced his career as a teacher. His high 

scientific and mathematical attainments having become known to the 

Superintendent of the United States Coast Survey, he was. early ap- 

pointed to a position in that branch of the public service. About the 

year 1847, on the recommendation of Professor Henry, Mr. Lane was 
transferred to the United States Patent Office, as opening to him a more 
varied and active occupation; and he discharged the responsible duties 

of.an Examiner in that institution with a pains-taking fidelity for many 

years. On the death of Mr. Saxton, who had charge of the construc- 

tion and verification of the national and metric standards (under the 

Coast Survey Office), Mr. Lane was recalled to that bureau to fill this 
vacaney,—a position held by him till his death. 

Mr. Lane had given considerable attention and study to the mathe- 

matical theory of electricity, and in 1859 he conducted, at the request 

and under the general supervision of Professor Henry, a series of ex- 

periments for this Institution, on several points of scientific interest 
relating to the Atlantic telegraph, a brief notice of which investiga- - 

tion was given in the Smithsonian Report for 1859, p.38. To Mr. Lane 
was also occasionally referred, for examination and report, communica- 

tions or memoirs requiring for their thorough treatment a special famili- 

arity with the higher mathematics. In 1866, he undertook an elaborate 
investigation into the conditions of successive expansion or rarefaction 

in gases, having particularly in view a more precise determination of 

the absolute zero of temperature. In these experiments he was assisted 

by apparatus specially constructed for him by the Institution. 

His fastidious desire for extreme accuracy led him to postpone the 

publication of results until it is feared that the valuable work actually 

accomplished by him in this direction will not be available for the pro- 

motion of knowledge among men, to which purpose he had so long and 

earnestly devoted himself. Mr. Lane was remarkable for the logical 

clearness of his mind and the strict conscientiousness of his moral 

nature. 

When Mr. William H. Dall returned, in 1873, from his labors in 

Alaska, under the direction of the United States Coast Survey, he 

brought with him a young Aleute, named GEORGE TSAROFF, who com- 

mended himself to him by his intelligence. With the aid of some 

persons interested in education, Mr. Dall secured for his protégé an ex- 



REPORT OF THE SECRETARY. 69 

cellent education in Michigan, in the course of which he learned to read, 

write, and speak the English language with great readiness. On com- 

pleting his course of. educatidn, he was brought to Washington as an 

assistant, and placed in charge of the large ethnological hall in the sec- 

ond story of the building, his duties being to keep everything in order 

and to act as a guide to visitors. These he performed with efficiency, 

himself constituting an extremely interesting exhibit —that of a native 

Indian, well educated and instructed, and able to explain the special 

objects and applications of many articles manufactured and used in his 

own country. 

I regret to say that this interesting assistant was attacked by con- 

sumption, and for greater convenience of careful treatment, he was re- 

moved to Providence Hospital on the 2d of March, where he died on the 

8th of May. 

Among the deaths of those deserving special notice in this report 

is that of Mr. WILLIAM Q. Forcr, who for many years had charge of 

the meteorological department of the Institution. He was the son of 

General Peter Force, of Washington, at one time mayor of the city, and 

well known for his devotion to the study of American history. His col- 

lection of books in this department was the largest in the country, and 

-as purchased by the government for the Library of Congress. Inthe col- 

lection of these books and in the preparation of the “American Archives” 

Mr. William Q. Force was the principal assistant of his father. He also 

edited and published the “Army and Navy Chronicle and Scientific 

Repository,” and several works relating to history and statistics. He 

graduated at Columbian College in 1839, studied law, and in 1857 took 

charge of the meteorological department of the Smithsonian Institution, 

discharging the duties of the position for eleven years with marked 

fidelity and ability. He resigned on account of an attack of illness, 

which caused a permanent derangement of his nervous system, and he 

devoted the. remainder of his life to literary pursuits and to quiet and 

unobtrusive deeds of charity. 

He held several important positions of honor and trust in connection 

with religious and educational enterprises and establishments, in all of 

which he was noted for his scrupulous honesty, purity, and fidelity. if 

all the relations of life he was a noble example of a man wholly actuated 

by Christian principle, and whose practice conformed rigidly to his pro- 

fessions. 

Berendt manuscripts.—The long-continued labors of Dr. CARL HiEr- 

MANN BERENDT, in Mexico and Central America, relating to the eth- 

nology and ainiglaen of the native tribes, prosecuted to a certain degree 

under the auspices of the Institution, have been detailed in its previous 

reports at various times within the last twenty years and more; and it 

is with great regret that I have to announce the death of that gentleman 

in the city of Guatemala on the 12th of April, 1878 

He left his valuable manuscripts and rare books mith Mr. B. Wester- 
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mann, of New York, and many similar articles were in his own rooms in 
Guatemala. These, by an arrangement with his executor, Mr. Wester- 

mann, were gathered together by Mr. Francis Sarg, a fellow countryman, 

who was also a resident of Guatemala; and by the kind mediation of 
Capt. John M. Dow, forwarded to the Smithsonian Institution, filling 

five boxes. 
An inventory of this property was made by the Institution and trans- 

mitted to Mr. Westermann, who also had prepared a catalogue of the 

first collection, the whole of which constitutes a very important mass of 
historical and scientific matter, both in print and manuscript; and it is 
to be hoped that some arrangement may be made by which this can be 

added to some public library in the country, and no better depository 

could be found, than the Library of Congress. 

Although engaged for many years in the researches referred to, Dr. 

Berendt had printed but little, so that unless his manuscripts are care- 

fully edited and published, his life work will have left but little on record. 

With an assurance of long life and an ultimate opportunity of publica- 

tion, a feeling not uncommon among literary men, Dr. Berendt allowed 

the opportunity of presenting his labors to pass while aiming at further 

perfection. 

Donations.—A. large fire-proof safe was presented to the Institution 

for the National Museum by the Herring Safe Company of New York; a 

notice of which was given in the last Report. This safe has just been re- 

ceived, and is an admirable specimen of the well-known skill of this enter- 

prising company. It stands about seven feet high, and by its fine finish 

forms an attractive piece of furniture. It will prove a very useful re- 

ceptacle for small objects of special rarity and value belonging to the 

Museum. 

Mention should be made of several other contributions of interest. 

One of such has been a pair of Howe scales, presented by Messrs. F. P. 

May & Co., of Washington, the agents of the Howe Company. These 

scales have been placed in the entrance hall of the Institution, and are 

constantly in use for weighing visitors. 
Among the contributions to the Institution of a miscellaneous char- 

acter during the year is that of a hydro-pneumatic fire-extinguisher, pre- 

sented by the agent of the company in Washington. This is claimed to 

possess specially valuable qualities which fit it for practical use in pub- 

lic and private establishments, and is kept in order for ready applica- 

tion should an emergency requiring it arise. 

Of the works published by the United States Government during the 

last few years none has had more popularity than the narrative of 

the second arctic expedition made by Capt. C. F. Hall, edited by Prof. 

J. E. Nourse. Congress has ordered several editions of this work and 

placed copies of it for sale at the mere cost of paper and printing. In 

this work illustrations are given of Esquimaux life, manners, and cus- 
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toms, the articles represented being specimens in the National Museum. 

During the last year the Secretary of the Navy has offered to the In- 

stitution the manuscripts, notes, plates, cuts, &ec., of Captain Hall’s 
work to be preserved in its archives. 

Loan of books and apparatus.—The Smithsonian Institution has been 

proverbial, from its first establishment, for the liberality with which the 

use of books, apparatus, and specimens has been allowed whenever re- 

quired in the interest of science, the regulations of many institutions 

absolutely prohibiting the removal from their halls of such articles, not 

being at all enforced. It was found necessary, however, to establish 
some restrictions to the indiscriminate borrowing, as it was ascertained 

that in many cases the borrower was careless about returning the ob- 

jects obtained by him, so that when others required their use they were 

not available for the purpose. In some instances rare volumes of trans- 

actions of learned societies would be kept for years, and not unfrequently 

an entire set would be returned after the death of the borrower; in 

other cases, when called for, the report would be that they were not pro- 

ducible. 
In order to throw upon the borrower the onus of making a proper 

return without unnecessary delay, Professor Henry decided to require 

a deposit in money, or a certified check, far in advance of the value of 

the object itself; in the case of the loan of a volume of transactions the 
money security called for representing the value of the entire series. 

This condition has given offense in some cases, persons thinking that 

the deposit should be simply of a money value equal. to the value of the 

article borrowed. ‘This, however, would not answer the purpose, as, in 
many cases, individuals would be glad to obtain a rare work at cost; 

and as the Institution is not engaged in trade and needs its books and 

apparatus for its own research, and that of its collaborators, the propri- 

ety of the regulation has, I think, been fully vindicated. The required 

deposit for books amounts, generally, to from $25 to $100, and of course 
the borrower, whose money is in the hands of the Institution, does not 
leave it there longer than is necessary. When the book is returned 
the money is sent back and the transaction closed. This same regula- 

tion has been extended to the loan to parties of other articles having a 

definite money value. 
Loan of specimens.—As far as specimens of natural history are con- 

cerned the regulations are arranged on a different footing; and as a 

further means of preserving the integrity of the Smithsonian collections, 

the following form of “receipt” from naturalists who may borrow its 

material, has been adopted by the Institution: 

[Locality ———Date ] 

‘Received from the Smithsonian Institution a collection of ; 

corresponding to the accompanying list. I hereby accept them in trust 

upon the following conditions: First. That they are to be used for pur- 
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poses of investigation, and returned in as good condition as they were 
received, and as soon as my work upon them is completed. Second. 

That no unique specimens constituting part of the reserve series of the 

National Museum shall be mutilated. Third. That duplicates when 

necessary may be dissected; understanding by ‘duplicate,’ a specimen 

which is not necessary to illustrate variations of forms or range of geo- 

graphical distribution. Fourth. That the specimens when returned 

shall be labeled with the names which I have employed in my publica- 

tions upon them. Fifth. That credit shall be given to the Smithsonian 

Institution in all publications based upon material furnished by it.” 

[Signature of borrower.] * 

Restoration of the Declaration of Independence.—Several years ago a 

commission was appointed by Congress (under an act approved August 

3, 1876), consisting of the Secretary of the Interior, the Secretary of the 

Smithsonian Institution, and the Librarian of Congress, for the purpose 
of taking into consideration measures for the restoration of the faded 

and now nearly illegible Declaration of Independence. Some conferences 

were held on this subject and some experiments made in regard to it, but 

without result. A meeting of the commission was held at the Depart- 

ment of the Interior on the 5th of May last, and, after discussion, it 
was decided that it was one of the subjects coming within the province 

of the National Academy of Sciences, and the problem was referred to 

Professor Rogers, president of the Academy, with the request to appoint 

a commission of scientific experts to investigate the whole subject and 

report to the Secretary of the Interior. No return has yet been made 

by this commission, but it is understood that the matter is receiving 

careful consideration. 

UNITED STATES FISH COMMISSION. 

GENERAL OBJECTS AND RESULTS. 

The relationship which your Secretary has borne for ten years to the 

United States Fish Commission as its chief, and the time required for 
the discharge of its responsibilities, makes it proper to furnish a brief 

statement of the objects and results of the commission, as showing 

thereby that its operations are quite in accordance with the purposes of 

the Smithsonian Institution. 
The inception of the commission, on a very small scale, in 1871, and 

the rapid extension of its operations year by year, have all been chron- 

icled in the annual reports of the Institution; and now that ten years 
have elapsed, the reports of the commission will, I trust, show its 
healthy growth and a successful accomplishment of some, at least, of 

the objects which have been kept strictly in view from the outset. 

As explained in previous reports, the commission was first established, 

in 1871, for the purpose of investigating the alleged decrease of the 
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food-fishes of the country, and of inquiring as to the best methods of 
remedying the decrease, should this be found to exist. It was not until 

the second year, or 1872, that the responsible duty of increasing the 

supply was added to the other functions of the commission. 

In the preceding report of the Smithsonian Institution, for 1879, I 

have stated at length the plans and objects of the commission, and to 

this I refer for details. I may simply remark here that the division of 

“inquiry” has been held to involve a complete investigation of and re- 

port upon all the physical conditions of the waters of the United States, 

and the nature, numbers, and general relationships of their inhabitants, 

together with an account of the relationships of man to the same, in 
the way of methods and appliances of the fisheries, and the history and 

statistics of his labors. 

The second division, that of propagation, of course includes the pro- 

tection of the useful fishes and their multiplication, either by capturing 

the fish and transferring them from one point to another, or by the pro- 

cess of artificial impregnation of the eggs and the distribution of the 

young. — 
The work of the inquiry is prosecuted, for the most part, directly un- 

der my own supervision, from stations at different points along the sea- 

coast, with a suitable number of assistants (volunteers for the most part) 
for making the investigations referred to. The specimens collected are 

placed in the hands of experts, by whom they are properly investigated 

and monographed, and the results published, with suitable illustrations 

in the Annual Reports of the Commission. The collections made, usually 

in very large numbers, are worked up at the same time; the reserve col- 

lection preserved in the National Museum, and the duplicates distributed 

to the various educational establishments of the country, or exchanged 

for objects desired by the Museum. 

The propagation division is conducted either at some permanent sta- 

tions, such as those of the salmon, whitefish, and carp, or in temporary 

establishments, shifting their ground with the season, as is the case in 

large part, with the shad stations. 
During the past year two additional subjects have occupied the atten- 

tion of the Commission; one, the preparation for the international dis- 
play of the fisheries of the United States at Berlin; and the other, the 

ontinuation of the census of the fisheries, undertaken in behalf of Gen- 

eral Walker, Superintendent of the Census. Special details in regard to 

these branches will be found elsewhere. 
Newport was the station selected for the prosecution of the work of 

inquiry into the fisheries in 1880, as representing a point between 

two previous stations, Wood’s Holl and Noank. Since the year 1873 the 

Commission has been indebted to the Navy Department for a steamer 

with which to carry on its investigations. This year, however, it was 

found possible to dispense, in large part, with extraneous aid, the Fish 
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Hawk,* the vessel referred to in a previous report, having been com- 

pleted and ready for sea. 

Her original purpose was that of a floating hatching establishment ; 

but she was not completed until some time in July, or after the spring 

hatching work was over. Her first service, therefore, was in the inquiry 
division of the Commission. She is a vessel of 484 tons, and provided 
with all the necessary conveniences for investigation, such as a power- 

ful hoisting engine and the necessary dredging and trawling apparatus. 

She proved adinirably adapted to the requirements of the occasion. 

Her personnel was furnished by the Navy Department, under the law 

of Congress that directed that she be placed on the same footing as the 

vessels of the Coast Survey, which gave her the officers and a crew, with 

their subsistence, leaving to the Commission the running expenses, such 

as the cost of coal, oil, water, etc. Lieut. Z. L. Tanner, who had been 
in charge of the steamer Speedvcell, at Provincetown, in 1879, was placed 

in command by the Navy Department, with Mr. J. S. Smith as mate, 

Wn. B. Boggs as engineer, Geo. H. Reed as paymaster, and I’. C. Van 

Vliet as surgeon, and a crew of 27 men. 
- A large building, formerly used for the manufacture of shot, was 

rented from Mr. John H. Griswold; an adjacent wharf, with a number of 
buildings upon it, was also obtained for the service of the Commission. 

As in previous years, the superintendence of the work connected with 

the marine invertebrates was in charge of Professor Verrill, of Yale Col- 

lege, assisted by J. H. Emerton as artist, Mr. Sanderson Smith of New 

York, and Mr. B. F. Koons and E. A. Andrews. Mr. Richard Rathbun 

was an assistant of the Commission in the general work, and Mr. H. L. 

Osborn and Frederic Gardiner had charge of the fishes during the ab- 

sence in Alaska of Dr. T. H. Bean. 

The census branch of the fisheries also had its quarters in the town. 

My own oflice, those of the laboratory and of the census, and the res- 

idence of Maj. T. B. Ferguson, assistant commissioner, were connected 

by telephone, for the more convenient transaction of business. 

I arrived in Newport with my party on the 9th of July, and was 

joined by Professor Verrill a few days later. The steamer, however, did 

not reach Newport until the 2d of August, and, owing to various causes, 

did not get fairly at her work until about the 7th. The city wharf was 

hired from the city of Newport, where she lay when in port. The work 

was carried on with great zeal during the summer, and very important 

discoveries, both scientific and practical, were made, especially in the 

course of three visits to the Gulf Stream in September and October. 

On these occasions, the vessel by starting in the evening at 6 o’clock, 

and running out to a distance of about a hundred miles reached the Gulf 

Stream, and explored it for a period of 12 to 14 hours, and returned to 
port on the succeeding night. The amount of life found along the west- 

*This vessel was designed by Mr. C. W. Copeland, of the Light-House Board, and built under the 

direction of the Light-House Board, and the immediate supervision of Mr. Copeland and Lieut. Z. L. 

Tanner, U.S. N. 
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ern edge of the Gulf Stream was enormously rich; of mollusca, not less 
than 175 different species were taken, forty being new to science. 

Twenty new deep sea fishes, some of them of, a remarkable character, 

were secured. The most important observations, however, were those 
in regard to the Tile fish (Lopholotilus chameleonticeps), to which refer- 

ence was made in a previous report. The ascertained range of this fish 

was gréatiy extended, showing the possibility of capturing it over a 
wide area. ; 

For the purpose of determining the ability to take this fish with an 

ordinary fishing smack a Noank vessel was chartered for the trial. Ow- 

ing to a threatening storm, however, the vessel was compelled to return, 

and nothing was done beyond th@capture on a small line of an enor- 

mous sword-fish. 

Mr. G. Brown Goode, who had represented the United States at the 

Berlin Exhibition, returning, joined the party on the 17th of July and 

was, for the most part, occupied in connection with the fishery census. 

During the summer I visited Wood’s Holl in the Fish Hawk, for the 
purpose of inquiring into the possibility of making a station at that 

point, for the hatching of codfish. 

The work of the Commission at Newport was closed about the begin- 

ning of October, and on the 7th of that month the Mish Hawk returned 

to Wilmington for some additional apparatus, carrying a portion of the 

collection to New Haven, by the way, for the use of Professor Verrill. 

After taking on board further hatching apparatus, the steamer came 

around to Washington, cruising along the edge of the Gulf Stream on 

her route, and making additional collections of importance. 
I left Newport with my party on the 8th of October, closing operations 

for the season at that place. 

The control of so well equipped a steamer as the Fish Hawk and the 

severai visits to the Gulf Stream resulted in the acquisition of a large 
amount of material, equal almost to the aggregate of all our preceding 

seasons. This has been put in hand and will, as rapidly as possible, be 

examined, the reserve series added to the collection of the National 
Museum, and the remainder distributed as heretofore. 

In the Report of the Institution for 1879 reference was made to the 

operations of the Fish Commission in connection with the artificial propa- 

gation of codfish at Gloucester, Mass. This work was continued into the 

beginning of the year 1880 and a large number of fish hatched out and 

liberated. These have remained for a considerable time in the harbor of 

Gloucester and its vicinity, and by their abundance and unusual ap- 

pearance attracted much attention. 

The work of cod hatching was again undertaken in the winter of 1881, 

in the little harbor at Wood’s Holl, Massachusetts. Facilities were 

granted by the Light-House Board at its depot; themachinery was erected 

and everything in readiness for the work. The unusual severity of the 

winter, however, which froze up the shores, rendered it impossible to 
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keep the fish in their pens, and prevented any measure of success. It 

is hoped that during normal seasons the propagation of the cod may be 

considered as a perfectly feasible undertaking, and one promising im- 

portant economical results. 

The operations of the Commission in connection with the hatching of 

shad have also been of increasing importance during the year. The 

work was commenced in Albemarle Sound, North Carolina, and many 
millions of fish were hatched out. <A station was then established on 

the Potomac River. By the courtesy of the authorities of the Navy 

Department, and especially of the Chief of the Bureau of Yards and 

Docks, a hatching station was extemporized for hatching out the eggs 

of the shad obtained by the steamer Lookout from the seines and gilling 

stations down the Potomae, especially in the vicinity of Fort Washington. 

Another station was made at Havre de Grace, Maryland, and at the 

two places about 50,000,000 shad were successfully hatched out. A 

large proportion of these were necessarily placed in the rivers whence 

the eggs were obtained. Many millions, however, were distributed by 

the messengers of the Commission to various localities throughout the 

United States, especially to the waters of the Mississippi Valley. 

The propagation of the Salmonide has also been conducted with sat- 

isfactory results. The McCloud River station, for the cultivation of the 

California or Quinnat salmon, was in successful operation, and furnished 
many millions of eggs, which were distributed, as usual, to all parts of 

the United States. Some of these eggs went to Germany, France, and 

Holland, where they arrived in good condition, and were hatched out 

very satisfactorily. 

After an interval of several years, work was resumed at the station 

on the Penobscot River for obtaining the eggs of the Penobscot salmon, 

and a distribution of these fish was made to the principal rivers of the 

Northern and Eastern States. . 

An unusually large gathering of eggs of the land-locked salmon was 

made at the station on Grand Lake Stream, this fish promising to be of 

great value in the cold, deep lakes of the country. 

Work on a large scale in connection with the white-fish of the great 

lakes was commenced this year by establishing a station at Northville, 

Michigan, under the charge of Mr. rank N. Clark. With the neces- 
sary number of assistants, Superintendent Clark obtained a bountiful 

supply of eggs in the adjacent lakes, and gathered into the hatching- 

house about 13,000,000. Some of these were distributed to different 
parts of the country; but by far the greater part were hatched out and 

placed partly in Lake Michigan, partly in Lake Huron, and partly in 

Detroit River. 

An interesting experiment was made in the artificial propagation of 

the striped bass or rock-fish of the Southern States—the eggs from a 

gravid female having been properly impregnated, a large number of 
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young were hatched out. This experiment, it is hoped, will be contin- 
ued in future years on a much larger scale. 

Perhaps the most important result of the work of the Commission in 

the line of the propagation of fish is that of the multiplication and dis- 

tribution of the imported German carp, of which, as already explained, 
there are three principal varieties—the scale, leather, and mirror carp. 

The distribution of the young of these fish was commenced in the au- 

tumn of 187. A very large yield in 1880 permitted them to be sent to 

a great many applicants throughout the country, some thousands in 

number. The demand, however, is increasing, and is likely, for some 

time, to more than keep pace with the supply. It is gratifying to know 

that the efforts of the Commission to introduce this fish meet with favor- 
able recognition. 

An account of the operations of the United States Fish Commission 

during the first decade of its existence, detailing somewhat fully its 

plan of work, and the scientific and economical results accomplished by 

it, was prepared by Mr. G. Brown Goode, and read before the American 

Association for the Advancement of Science at its Boston meeting, held 

August 28,1880. This paper will be found in full in the appendix to this 

report. 
FISHERY CENSUS OF 1880. 

In July, 1880, an arrangement was made with General Francis A. 

Walker, Superintendent of the Tenth Census, by which an investiga- 

tion of the fisheries of the United States was undertaken as the joint 
enterprise of the United States Fish Commission and of the Census 

Bureau. It was decided that this investigation should be as complete 

as possible, and that both the United States Fish Commission and the 

Census Bureau should participate in its results. The preparation of a 

Statistical and historical report upon the fisheries, to form one of the 
series to be presented by the Superintendent of the Census as the re- 

sult of his investigations in 1880, has been the main object of the work; 

but in connection with this statistical work, extensive investigation 
into the methods of the fisheries, into the distribution of the fishing- 

grounds, and the natural history of useful marine animals, has been 
and is being carried on. 

The direction of this investigation has been placed in the hands of Mr. 

G. Brown Goode, who was appointed agent of the Census Office, and 

who has been carrying on this work in addition to the performance of his 

duties in connection with the National Museum. The work which was 
begun on July 1, 1879, has been vigorously prosecuted since that time, 

and the final report will probably be presented as early as July, 1881. 

The plan of the investigation was drawn up before the beginning of 

the work and has been published in an octavo pamphlet of 54 pages, 

entitled “Plan of Inquiry into the History and Present Condition of the 

Fisheries of the United States.”. Washington: Government Printing 

Office. 1879. 
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The scheme of investigation divided the work into the following 
departments : 

I. Natural -history of marine products: Under this head was to be ear- 

ried on the study of the useful aquatic animals and plants of the coun- 

try, as well as of seals, whales, turtles, fishes, lobsters, crabs, oysters, 
clams, &¢., sponges and marine plants and inorganic products of the 

sea, with reference to geographical distribution; size; abundance; mi- 

grations and movements; food and rate of growth; mode of repro- 

duction; economic value and uses. 

II. The fishing-grounds : Under this head are studied the geographical 

distribution of all animals sought by fishermen and the location of the 

fishing-grounds, while with reference to the latter are considered: loca- 

tion; topography; depth of water; character of bottom; MELE oie of 

waters currents; character of invertclate life, &c. 

Til. The fishermen and fishing towns: Here are considered the coast 

districts engaged in the fisheries with reference to their relation to the 

fisheries, historically and statistically, and the social, vital, and other 

statistics relating to the fishermen. 

IV. Apparatus and methods of capture: Here are considered all the 

forms of apparatus used by fishermen, boats, nets, traps, harpoons, &ce., 
and the methods employed in the various branches of the fishery. Here 

each special kind of fishery, of which there are more than fifty in the 

United States, is considered separately, with regard to its methods, its 
history, and its statistics. 

V. Products of fisheries: Under this head are studied the statistics 

of the yield of American fisheries, past and present. 

VI. Preparation, care of, and manufacture of fishery products: Here 

are considered the methods and thev arious devices for utilizing fish 

after they are caught, with statistics of capital and men employed, &e.: 

preservation of live fish; refrigeration; sun-drying; smoke-drying; pick- 

ling; hermetically canning; fur dressing; whalebone preparation; isin- 

glass manufacture; ambergris manufacture; fish-guano manufacture; 
oil rendering, &e. 

VIL. EHeonomy of the fisheries: Here are studied financial organization 

and methods; insurance; labor and capital; markets and market prices; 

lines of traffic; exports, imports, and duties. 

VIII. Protection and culture: This ineludes all kinds of supervision 

by the government, such as legislation; bounties and licenses; fishery 

treaties; public fish culture. 
The various inquiries provided for in this scheme of investigation 

have been made in three ways. 

First. By correspondence with persons in different parts of the country. 

Second. By a systematic overhauling and compilation of past records, 

not the least among which are the local newspapers. 
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Third. By sending special agents to make personal inquiries in 

every part of the United States where the fisheries are of considerable 
importance. 

The last-named method has of course been by far the most important 

‘ and the most successful, and it is unfortunate that the length of time 

and the amount of money available have not permitted the employment 

of a larger number of assistants in this branch of the work, and have 
not ailowed them to devote as much attention to working out specific 

questions as has in many cases seemed imperatively necessary. 

The fishery industry is of such great importance and is undergoing 

such constant changes that a visit of a few days, even by the most com- 

petent experts, has invariably proved unsatisfactory. They have been 

able to collect only the more important facts, leaving many subjects of 

interest untouched. 

_ The field work has been carried on by the following special agents: 

(1.) Coast of Maine, east of Portland, R. KE. Earll and Capt. J. W. Col- 
lins. (2.) Portland to Plymouth (except Cape Ann) and eastern side of 

Buzzard’s Bay, W. A. Wilcox. (3.) Cape Ann, A. Howard Clark. (4.) 

Cape Cod, F. W. True. (5.) Provincetown, Capt. N. E. Atwood. (6.) 

Rhode Island and Connecticut, west to the Connecticut River, Ludwig 
Kumlien. (7.) Long Island and north shore of Long Island Sound and 
west to Sandy Hook, Fred. Mather. (8.) New York City, Barnet Phil- 

lips. (9.) Coast of New Jersey, R. E. Earll. (10.) Philadelphia, C. W. 
Smiley and W. V. Cox. (11.) Coast of Delaware, Capt. J. W. Collins. 

(12.) Baltimore and the oyster industry of Maryland, R. H. Edmunds. 

(13.) Atlantic coast of Southern States, R. E. Earll. .(14.) Gulf Coast, 
Silas Stearns. (15.) Coast of California, Oregon, and Washington, Prof. 

D.S. Jordan and C. H. Gilbert. (16.) Puget Sound, James G. Swan. 
(17.) Alaska seal fisheries, Dr. T. H. Bean. (18.) Great Lakes fishery, 
Ludwig Kumlien. (19.) River fisheries of Maine, C. G. Atkins. (20.) 

The shad and alewife fisheries, Col. Marshall McDonald. (21.) Oyster 

fisheries, Ernest Ingersoll. (22.) Lobster and crab fisheries, Richard 
Rathbun. (23.) Turtle and terrapin fisheries, F. W. True. (24.) The 
seal, sea elephant, and whale fisheries, A. Howard Clark. 

In addition to the field assistants already mentioned, a staff of assist- 

ants from the beginning have been at work in the office of the division, 
- carrying on correspondence, searching past records, and preparing the 

report for publication. Mr. C. W. Smiley, Mr. Jas. Temple Brown, and 

Mr. George S. Hobbs have been connected with the work from its start, 
and from a later date Mr. J. E. Rockwell, Mr. C. W. Scudder, Mr. R. I. 

Geare, Mr. G. P. Merrill and others have been thus employed. A num- 

ber of clerks have also been detailed for this work by the Superintendent 

of the Census, at one time as many as eight. A large part of the clerical 

force is under the direction of Mr. C. W. Smiley, who has in special 

charge the correspondence and the statistical and compiling work. 

Mr. William H. Dall, of the United States Coast and Geodetic Survey, 
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was detailed by the Superintendent, Captain Patterson, to visit Alaska 

and the Arctic Ocean, for the purpose of obtaining information in re- 

gard to the Alaska coast, a work upon which Mr. Dall has been engaged 
for many years. Permission for Dr. Bean to accompany Mr. Dall was 

readily obtained from Captain Patterson, and the voyage from San 

Francisco was made in the schooner Yukon, of the Coast Survey, a ves- 
sel originally built under Mr. Dall’s direction for service in the Alaskan 

waters. 

Mr. William J. Fisher, tidal observer at Kodiak, also contributed im- 
portant material of the same general character. As the result of these 

several explorations, over one hundred boxes and packages of natural 

history collections have been received by the Institution, all more or 
less incidental to the census inquiries made by the same parties. 

One of the most important reports of Dr. Bean’s investigations was 

the discovery that cod and halibut of the Alaskan waters were identical 

with the same species as those in the North Atlantic, and consequently 

all the conditions of pursuit and preservation used in the east could be 

employed appropriately in the western seas. 

BERLIN INTERNATIONAL FISHERY EXHIBITION. 

Among recent organizations in Europe for the purpose of developing 

home industries, one of the most important is the Deutsche Fischeret- 
Verein, founded in 1871, for the purpose of developing the fisheries 

of Germany, both inland and maritime, and of introducing improved 

methods of fish culture and new varieties of fishes. The organization 

is composed of some of the most eminent naturalists and pisciculturists 

of Germany, and also includes many personages of the highest rank in 

the empire who are most interested in the welfare of the State. 

For the purpose of bringing together a display illustrating the meth- 

ods and results of the fisheries and fish culture of the Old World, ar- 
rangements were made for holding an international fisheries exhibition 

in Berlin in the spring of 1880, and invitations were issued about 

eighteen months before, asking the co-operation of governments, asso- 

ciations, and persons interested generally. The invitation to the United 

States to participate was transmitted to the Secretary of State in the 

winter of 1878~79, but no action was taken by Congress. This was a 

source of great regret to the German Government, as well as to the 
immediate promoters of the enterprise, and urgent appeals were made 

through the German and American ministers for action. A second 

communication made by the Secretary of State about the beginning of 

1880 was more successful, a bill introduced by Mr. Deuster, member of 
the House from Michigan, being readily passed, appropriating $20,000 

to enable the United States Fish Commission to make the exhibition on 

the part of the United States. 
I was called to appear before the Senate Committee on Foreign 

Relations on the 10th of February, and explained the proposed display, 
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and gave some reasons why it would be to the interest of the United 
States to participate in it. The Senate committee reporting favorably, 

the bill became a law, and appropriations were inade to carry out its 

provisions. 

My duties in connection with the Smithsonian Institution, the Na- 

tional Museum, and the Fish Commission made it impossible for me to 

attend the exhibition, and Mr. G. Brown Goode, the curator of the 

Museum, was appointed as the commissioner in charge, and immediate 

preparations were commenced for the occasion. 

Of course the time for preparation was very short, as the exhibition 

was to be opened on the 20th of April, giving nearly eighteen months 

less time than that enjoyed for the purpose by most of the other par- 

ticipants. Fortunately, however, the components of the exhibition of 

the fishery and fish-cultural interests of the United States made at the 

International Exhibition of 1876 at Philadelphia were available for the 

purpose, and a selection from these was made by Mr. Goode, with the 

assistance of Mr. True, and invitations for contributions of later mate- 

rial were promptly responded to. The most important possible addi- 

tions to the display of 1876 consisted in the improved apparatus for fish 

culture, and in the samples of preparations of prepared fish, both hav- 

ing made vast progress during the intervening four years. 

The United States Fish Commission proposed to display, either in 

original apparatus or in models, the new methods of hatching fish with 

the assistance of steam power, as devised by Mr. T. B. Ferguson, of the 

Fish Commission, and especially to show the model of the new fish- 
hatching steamer Fish Hawk, to be used as a floating hatching estab- 

lishment in the propagation of shad and other useful fishes. The model 

of the new vessel was on a scale of about half an inch to the foot, and 

that of the fish-hatching apparatus on a scale of one-sixth the actual 

size. An enormous number and variety of samples of mackerel, cod, 

smelts, crabs, oysters, lobsters, and other marine products were sup- 

plied in the different forms of dried, powdered, salted, smoked, and 

canned, either in oil or in spices. Certain firms were invited to furnish 
their special apparatus for the capture of fish, and no time was lost in 

making use of the short interval remaining. This work was carried on 

so successfully under Mr. Goode’s administration that it became possible 

-to ship a first load, of some thousands of cubic feet, on the 28th of Feb- 

ruary, the last of the lot being transmitted on the 24th of March. The 

total amount of freight thus sent forward consisted of about 12,000 

cubic feet. 
With most commendable liberality, the North German Lloyd Co., at 

the suggestion of its agents in New York, Messrs. Oelrichs & Co., agreed 
to transmit and return all the packages of the Commission free; and 

not to be behind a foreign corporation in this spirit, the great lines of 

roads between Washington and Baltimore and New York, namely, the 

Baltimore and Ohio, the Baltimore and Potomac, the Philadelphia, Wil- 

S. Mis. 31 6 
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mington and Baltimore, and the Pennsylvania, agreed likewise to carry 
the packages free. The greater part of the exhibit of the United States 

was shipped from Baltimore by the Bremen steamers, although most 

of the packages concentrated at New York were embarked from that 

city, as also Mr. Goode’s immediate staff, consisting of Mr. F. W. True 

and Mr. J. E. Roekwell of his office force, with Mr. Fred Mather, expert 

n fish culture, Capt. J. W. Collins, expert in fisheries, and Mr. Joseph Pal- 

mer in charge of the models and easts. Mr. Goode left Washington on 

the 16th of March and sailed in the Bremen steamer Yeckar on the 20th, 

the company granting a concession of one-fourth of the fare. 

A large portion of the goods were found in Bremen on the arrival ot 

the party, and these were sent forward to Berlin and unpacked in time 

for very satisfactory opening of the Exhibition on the 20th of April. 

Some smaller collections, sent at a later date, were received subsequently. 

A large amount of space had been assigned to the United States, but 

this being inadequate a portion of that granted to Great Britain, and 

not occupied by her exhibitors, was added. The section of the United 

States was ornamented by a large num ber of flags lent for the purpose 
by the Navy and War Departments, and the display as a whole was very 

effective. 
It is now a matter of history that the United States bore off the chief 

honors of the occasion, the superlatives of the crities being exhausted 

in their praises of its method, richness, and great intrinsic value. Indeed 

the entire collection of the remaining portion of the International Ex- 

hibit of Fish and Fisheries would not have made a single exhibit of 

anything like the importance of that of the United States. In illustratien 

of this fact it may be stated that the grand prize given by the Emperor 

of Germany to the Exhibition, for the best display, was awarded to the 

United States. This consisted of a large vase, three feet high, beauti- 

fully worked in silver and gold, and costing over $2,000. In addition 

to the grand prize there were numerous other awards in the way of 

medals of gold, silver, and bronze to contributors from this country, and 

the number of these awards would have been much greater but for the 

fact that the greater part of these contributions were made as part of that 

of the United States Fish Commission. The same policy was pursued 

there as at the Philadelphia exhibition: where objects were presented 

to the Institution and to the United States, they were entered for special 

consideration as individual exhibits; but where they were purchased for 

the exhibition they became the property of the United States, and their 

individuality was lost in the general display. Many persons who pre- 

ferred to receive the comparatively slight money-value of the objects ob- 

tained from them, were greatly disappointed on finding that, however 
meritorious, their articles were passed over by the judges and no awards 

made for them. 

It was originally supposed that the exhibition would close on the Ist 

of June, after a six weeks’ display. Very much interest, however, was 
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felt in the display, and it was so much more successful than had been 

expected that it was concluded to keep it over until the Ist of July. 

This involved an additional four weeks’ detention of the party, and of 

course inereased the expense. Thanks, however, to Mr. Goode’s careful 

administration, I am happy to say that the work was finished and all 

the exhibits returned to Washington within the appropriation, a few 

dollars having been paid into the Treasury as the surplus. Owing to 

the care with which the articles were packed, everything arrived in per- 

fect condition at its destination; indeed, out of the large number of 

plaster casts very few required any treatment for their proper exhibition, 

This was in marked contrast to the experience of the British portion of 

the exhibit, which, although it was much smaller in extent, was almost 

utterly destroyed in transit. 

Acting under his instructions, Mr. Goode disposed of some of the more 

bulky and least costly articles, such as the whale boat and a number of 

the dories, &¢., to various governments and other establishments in ex- 

change for desired objects belonging to the European divisions. This 

somewhat reduced the bulk of the shipment, but not very greatly. The 

entire lot of at least 10,000 cubic feet was brought by a single vessel of 

the German Lloyds line from Bremen to Baltimore, and thence by the 

Baltimore and Ohio Railroad, and placed in the new National Museum 

Building. The exhibition will be more fully discussed in a report now 

being prepared, which in accordance with the resolutions of Congress 

will also treat of the present condition of the fisheries and fish-culture 

of Europe. 
Respectfully submitted. 

SPENCER F. BAIRD, 

Secretary of Smithsonian Institution. 

WASHINGTON, D. C., January, 1851. 
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Ge ological Survey (Wheel. T) : : : Bol) |\neae ese 
Geologic AES amvevadron Clijp\-cete saben sop enee ae a acteenanee bese ec pecenmeceecn JO), easiest es 
Interior ID ApS Sac aoc Knee soeEU Ono OS Bod sosDoouDS ub ueooEdad Godue SOiS) | Reeeecene 
Nava MODSermatOLyece seeecee oie ce ccaesaeae SED OORT TRCR HO RCD COReHEEE 1831 )| cecesene ae 
Ordnance Department ....-... .-.------ BAS TRS e eee aN gia crass Sic sieies LBS) |cseaeteeee 
Smithsonian Institution (Fish Commission and National Museum included). 31 Gil leacereeeet 
SULrocons Cre noLralis (Oil Come eaeseeee cele cnc cine tease acon nem esmecmiscisisjsiecisinct 33) neeeerervects 

D2 |jesteminteyaters 
b. From miscellaneous institutions and individuals .............-.--.--.---------- 8, 948 “Fah are 

— ,19o 

Total, of which 71 contain specimens of natural history .......-.---.-------|---------- 20, $45 

BOXES SENT ABROAD IN 1880. 

7 | 

~ Number Number 
Country. of boxes. Country. of boxes. 

| 

Argentine Confederation ........-.-.--.- Sm leNieweZealan dhceetiaccstcine ceeitertsisietemieiaic 9 
Bl miners eno. ee ees aus teense itl ONION; doeoes BeSqons sacenocsose5ceeees 3 
TERA ce aE ge Pr ate SulisRolynesiase-te seep ocetosee cee cesses 1 
Chillers aa. haces ocectcceecSeiecieaenes Orlane lee sae eee atecees ce nien ne coeacia: 5 
WUD Reet sacs cs ote sth acewese wes civec ease 3 Queensland ene oa Semele eet ae * 
LD Yenipan yd Lee geese See nis ee Oe rar iopeerraets Fpl GER TIGs eee ee eee ene alia 12 
SHIP UIVC Bee ceo be oss wis Seiieine Seis oe Saeieeie s 22a Samoans cee aoce secon: 1 
Gonmmany eens s ose sosenecss sees sees aces 495 |SoutheAstralial cesses scenee se ===" 1 
GreatiB ridaim = <0.c sissce scence ees seclses Gal || Shey specas Gaseseeondc scosnedogeaceude 3 
tO lain URS e eae ay oia.n Sale ned ramet woe eos ae OM RS wedenwenceonietece octeecese ean lee 9 
LUT an G6 DER REE E EE OnC DT Oe ar one paneee AL |l) irali@adbinGle 6 GoconseecaseooepnoeDoscean 6 
Japan Pes a3) on Samo ome eae Sul|edtasm aniaeeeneseem ene ee be seteslisec aa 1 
LANCE), “Sats Soe eRe eer aee dn cotenuanece a1 |i) Weta) < goscdosbooucecocoaBoeeescped: 3 
Mexico ..... SS oho ee tesa eels 5 = 
Now SonthuwWales-.....cssesueccesebocs 2 Motel nee eee eae ca anessese 233 

Representing, in bulk, 1,631 cubie feet and weighing 52,425 pounds. 
Besides the above, there are 13 boxes re ady for and awaiting orders for shipment to Ttaly. 
Exchanges for Canada are included in the ‘report on domestic exchanges. 
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86 APPENDIX TO THE REPORT OF THE SECRETARY. 

SHIPPING AGENTS OF SMITHSONIAN EXCHANGES. 

Counties. i Agexts. 

Arventine Cenfederaiien -..-~- Carles Caranza (& Ca}, conse] for the Confederation in New York. 
Belotem —__ ~~~... ..~~~--~--- SS ee eee . 

er ork. 

Helier ——__. <..-..._.-—___.-__- iw S.Spieeey, New York. 
ia | Charles Mackall viceconsal Baltimere. Merchants’ Line of Steamers, 

n  DeCastra conse New Fork 
wv, New York. 

New York. 
Heanck Breem, comsal Demmarkt, New York. 

a: = 

Beypt ............-~.- SL. Merchant & Ca_ New York. 
i eee eee Aba Wrbarg, Wasa and Finland Steam Navigation Company of Hull; 

snd Massey & Sawyer, Hall. 
Tr Cee eS GeanGeees Treassthangae ( (L. de Bthinn, scent. How Fenz: 
Geanmmany ...— ~~. --.~--...- AS Geman Dora Coes mmacher & 

Ca, ef Baltimere). Hambars-American Packet Company t— 
| hands & Ca} New Yerk. 

Great Briteim ._..........-....- British and North American Real yal Mall Steamship Company (Vernon 
H. Rrewa & Ca. agents), New York. Baltimore and Obie Esitread 
fwreza ee ee 

SPOS eset eS DW. Betas, fer Greeee, New York. 
Geatemala__—..—.—....~.~ ~~~... Javed Baez, consal fer Guatemala, New York. 
[Ss ee eee eee Atiss S ip Company (Pim Ferweed & Ca New York. 
eg Anchor Steamship Line (Hendersen & Bro_ azenis', New York. 
SESS Se ae eee 3 S limes fer Brazil Texas, Flomda and Nassea, New Provi- 

— — Malery & yoga Seg Pita 
OO eataro Yanaciya, cansel apean, 
Se Celanizatiien Society. 
ee Se er ae Jusa N_ Navarre, comsel for Mexica, New York. 
We ~ eee SS Steam Navizaiten Company (EC Cazanx, azend) 

|S ew Terk 

New South Waiss .-...........- | RW. Camera & Ca, New York. 
Wew Zealend................. RW. ae Yok 
De ee ee ee | Christian Bars, conse] for Sweden aad Nerway, New York. 
ny eee ee a eee | Joseph S. Spinney, New York. 
Philippine Isinnds | Spanish copsal, San Francisca. 

WVirtera - 
Werk faibes <> Thomas Dennis, Be Weak te AnhieoeD cw. &Ca, New 

tea Tae Deminze); Wile & Asmas New Fi (fer Tarks 
Themss Biand, New York; ER Baap & Ga New Toke 



APPENDIX TO THE REPORT OF THE SECRETARY. 87 

AGENCIES FOR THE DISTRIBUTION OF SMITHSONIAN EXCHANGES. 

| 
Countries. | Agencies. 

_ SS EEE eS 
| 

a AFRICA. 

- Aleria ....-----------+---+-+---- Commission Francaise des Echanges Internationauy, Paris, France. 

_ Ggpe Colonies. .-..------------ William Wesley, London, Englend. 

_ SBeypt -----------~--+------+----- | Institut Eeyptien, Alexandria, Egypt. 

Diberia -.---- «2-4 2- +--+ +++ -+--2- | College of Liberia, Monrovia. 

| Mauritius.--------------------- | William Wesley, London, England. 

S& Helena ...-~~ -..-..--------- | William Wesley, London, England. 

AMERICA. 

British America -.... ---------) Geological Survey Office, Montreal, Canada. 

Central America. -.~.---------- Capt. J. M. Dow, general agent. 

Gasta Rita ...... ---------- | University of Costa Rica, San José 

7 Guatemala - ......---- .s-=-- | Sociedad Economica de Amigos del Pais, Guatemals, 

| Mfexieo __......-.---------+---- | El Museo Nacional, Mexico. 
West Indies: 

Bahamas -..----------+-+---- | Nassau Public Library, New Providence. 

Barbadoes ..--------------- | Government Meteorological Ofiice, Bridgeton. 

P Guba) ---.  <----~-~~-- Royal University, Havena. “ 

. Jamsioase ne ee nes ----- | Royal Society of Arts, Kingston. 
Trinidad _- --~..------------ | Scientitie Association, Port-of Spain. 

| Turks Island -...---------- | Publie Library of Grand Turk Island. 

South America: | 

| Arventine Republic. ..----- | Museo Publico, Buenos Ayres. 

Bolivia .... -..------------ University, Chuquisaca. : 

. Brazil . ...-----------------| Commissao Central Brazileira de Permutagoes Tnternacionaes, Rio 

Janeiro. 

Ghiles--.- oe = | Universidad, Santiago. 

Colombia -.------- ---- Sociedad de Naturalistas Colombianos, Bogota 

Duteh Guiana ....-..------| Surinaamsche Koloniaale Bibliotheck, Paramaribo. 

Eeuador ~--.-.-.------------- Observatorio del Colegio Nacional, Quito. 

Pera --~...--..----++-~-<---- | Biblioteca Nacional, Lima. 

Uraruay --:---------------- | Murean de Statistique, Montevideo. 

Wenezuela --..--.-..-------- | Sociedad de Ciencias Fisicas y N; aturales, Caracas. 

ASIA. 

CSN TASER AS Seco William Wesley, London, England. 

Mndin 2-52-22 ~ << - += -=~==- == | William Wesley, Lendon, England. 

Japan.-..--~.-------------+------ | Imperis] University, Lokio. 

SAVa es on eas = a- == === | Paraav’sche Genootschap van Kunsten en Wetenschappen, Batavia. 

Philippine Islands ------------ Royal Economical Society, Manila. 

AUSTRALASIA. 

New South Wales -.--.-------- | Royal Society of New Sonth Wales, Sydney. 

Queensland _-- -------------- ) Government Meteorologicz! Ohserratory, brisbane. 

South Australia -.-..-.---.------- | Astronomical Observatory, Adelaide. 

WWactoria --—-----.~...----~----- | Pablic Library, Melbourne. 

iNew feclang -=-----—.~ -<-— ~~~ | Parliamentary Library, Wellinsten. 

Tasmania .....------- Excess was | Royal Society of Tasmania, Hobaztown. 

EUROPE. 

Austris-Hungary ----.---------- | Dr. Felix Fligel, Leipzig. 
Beleium -----.--------- acenstice | Commission Belge d Ecbanges Internationaus, Brussels. 

Menmark --—---=-5--------~=--- | Kong. Danske Videnskabs Selskad, Copenhagen. 

TESST aces See ees | Commission Francaise des Echanges Internationany, Paris. 

Germany ----- aoSas Ge eeSeeS =e Dr. Felix Fligel, Leipzig. 

Great Britain --.-..-.-- See William Wesley, London. 

Sreeen --- .---.---- =~ ----== National Library of Greece, Athens. 

@ geciond --22-- 5.2. ~..-.------ |]. Danske Videnskabs Selskab, Copenhagen. 

1S | ee Ulrico Hoepli, Milano. 

Wetherlands ---..----- eee Bureau Scientitiqne, Harlem. 

Norway ---.--- SSS RKongliga Norske Frederiks Universitet, Christiania. 

Peeraaial — ~~ <--<<- See --} Escola Polytechnica, Lisbcn. 

fenssia 2. --—----------~ = senses | L. Watkins & Co., St. Petersburg. 

eee oo a ee | R Academia de Ciencias, Madrid. 
Su hr eee ee ee Koncelige Svenska Vetenskaps Akademien, Stockholm. 

Switcerland .| Eidgendssensche Bundes Kanzlei, bern. 

urrierys 02. 22 eset: | Legation, Washington, D.C. 

POLYNESIA. 

Sendwich Islands -...-.----- = | Royal Hawaiian Agricultural Society, Honolulu. 

ee ee ee aie 
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FOREIGN INSTITUTIONS IN CORRESPONDENCE WITH THE SMITHSONIAN INSTITUTION, 
DECEMBER 31, 1550. 

Se ae ee ee iss 

Argentine Confederation 8 
Australia 2nd Tasmania 6 
Austria-liungary A 

Te a eee is 

Og a i7 

Briish America 30 

British Guinna i 
Cape Colonies and St Helena --------------- 4 

Sresgal Amores oe re 3 

Srlvalgs 0 eee a 
Cie eee 166 

Colombes 2.25 >- > eee 2 

Menmark -.---. 522-925 eee 26 
Dutch Gwaraes. 22-6 ee a 

Le ee et ee ee a 

Eaypt -----_- 13 
ee a at po PRS a = ae es eS 3 
Cpr ee 3 

Great Britain and Ireland _-------...-------- 12 

Greees eee 7 
Hallvndlieet 2.2 se se eee 
Iceland --_------------------------+-------- 2, @2 

IL—DomestTic EXCHANGES. 

LIST OF PACKAGES RECEIVED BY THE SMITHSONIAN INSTITUTION FROM EUROPE, AND 

DISTRIBUTED TO THE FOLLOWING NAMED INSTITUTIONS AND INDIVIDUALS IN THE 

UNITED STATES AND BRITISH AMERICA. 

Pe, UNITED STATES. 

ar Pack- ~ = : Pack- 
Recipients. ages Becipienis. 2S 

ALABAMA. . Coss5cricur—ContingeL 

Tus 2: | New Haven: : 
Geologiesl Survey of Alzbams ------------- | 2 | Ameriezn Oriental Society ----------------- | 2 

Amerieon Journal of Aris and Sciences... 44 
ADERANSAS. | Conneetient Academy of Sciencés-----.---- | Fil 

; Gbservatory of Yale Collese -----.-.------- 2 
Holly Grove: Pesbody Muscum =>... =.= } 1 

Saterary Gustitate -------—_-----=--—- <5 -- = 1 || Sheffield Scieniifie School --------.--------- ; 6 
Little Rock: ' Wale Pallese ee eae ; Bb 

Governor of the State ---.-....-------.----- f 2] 
DISTRICT OF COLUMBIA. 

CALIFORNIA. 
I Georgetown: 

Oakiand- Calle ee ee 1 
(iter ge Seen Sena ee see es eS) a a eS 3 

Secramento: ' Washington: 
Acriculiaral 2nd Horticulturel Society -----} 1 |! Agricaltaral Department ------------------ | 18 
Stinte Acricultural Society --..-.-.---------- G | Anthropolozicl Society -------------------- = 
OEY Fe) ae ee ey ; 1 | Army Medical Museam ----.-.-...--.------ 7 

Sean Francisco: | Bela Leeatoon W552. as 1 
Academy of Science --__------------------ | O04) Beard of Hesia: 232 > ee | 98a 
Caziiormia Hiscorieal Society --_-_----------_- 1 | Barean cf Construction and Soa en : i 
Governor of the State ------__-.-- SZ one eee | > 2) Comesen Sheree ee ee eee : s 
Meresntile Library Association --.-.-.----- |) 94) Genesee Reese 2 ; 1 
Miereccopical Socicty --=-...-------=--=-=-- | 2 Clef Sisnal Offies . .-.-----2----__--.------ 29 

| Coast Saver naan: oes cocoe aac ies os) eam eieprehy =o ee 2 
GEoRanE: | Conmes Glink oo. 5-25 os a ae _ 

i | Bdueatoe Boercan of > 19 
Denver: : = 

the Sint ' | Engineer Burean U.S.A p> | 
Governor of the State ------------ -------—- i = Entomolozical Commission 3 

! | Fish Commission ------__--- 4 
COSSECTICUT. General Land Office --_--- --- 6 

° Geological Surver of the Territories 6% 
| Hydrographic Office ] 

American Philological Association --------- 1 | Indian Bureaa -------------------- 2 
Library, Young Men’s Institute ------------ 1 jan Commiissioners....------------------| z 
Morpky Philosophical Association --------- 1 || Interior Department -_---==-_-------------: 3 
State Avriculturat Society ------------------ 1 | Institution for tke = Deaf al Tiaia ae H 1 
Watkinson and Connecticut Historical So Sabears of Coasvesn > -- -- === | 44 

eneky 222 See ee ee eee 1 || Licht House Board__-------=_-----------_-- : 2 
Watkinson Reference Library. ------------- i || Marme Hosptial ----—_- > Z 

Middictosn: | Medica) Association..._--------_----------- ai 
Wesleyan Gatversity--._--.--------._..-___- 2 + Medicime and Surgery, Burean of --..-.-.--- 5! 
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List of packages received by the Smithsonian Institution, §c.—Continued. 

UNITED STATES—Continued. 

89 

Pack-! 

er ll tee Bl Od 

ee Sea Pack- 
Recipients. ages. Recipients. ages. 

Districr or CoLuMBIA—Continued. KENTUCKY. 

; Frankfort: 
Wilheth IBPIWENG! 62 < cetodr acoso caosdoEraSEaEase 3 i q ‘ 
National Academy of Sciences .--...-.----- ail | a eee ey of Kentucky .-.-.--.---. 3 
NationaleMiusenmy sacccecme. = o-s2ccnrecs este 5 || mn : 45 
INsbubiGaleAUIMANAG) cc ca. vciwc ciclems ocicicoineecis 15 Transylvania 1 Mediczl College -.--.--.------ 1 
INitValKO DSOUMNUOGVi seats eee ee or meeie eieieieciee 88 = . _ 
Navisation\ Bureau of i..... 0... lcloceee. 7 | Toeal Department, University of Louis- ; 
Ncovp Ve Ly OU ATUM CN tigues cistcis niece Se me meet 2 || EE ae eter OL Ny Cheb Lad es Be 
Geraene CUMS Pani GMb merce crele eee ceate 3 Public Library .-...-------++++-+-+2-000++- 1 

NDEs TN ONL CC sera aars a] oe aie reivisssi='e =isje sioieein 58 | piokcen ree 
Provost-Marshal General’s Office .......... 1 HOREIEHES 
HoaeeD epantbmenGiree oo: 2 cesses ccc ceecine 4 ~s ee 
Stsusticge bureau oles seem atceseceneeece 23 | st, aon age 1 
Surgeon-General’s Office.-..------.-.--..-- OOF RENT atminigin soma ann eer oo cine 
Mreisury, Department -2--- crise <\-oe- ence alee 5 me 
WWiareDepartmentiss cee ssete sess ene acetone 9 ERs potenicer ae Te Bintan ed os 

cronci. Sere eeeerayatt Zou lm 
Atlanta: Statevbibrary) sesecc ass soe ales ee eeceiceicoe 1 

Citymlbibranyrers. sins = 2-c/iescis nec siescee nea 
Augusta: MAINE. 

Medical CoWes 6 se icse osieteicams ese 'sins «i<j 5-1-7 1 Monat 
Savannah: | mete ieee to co sed petgareats Aeron Commissioner of State.---.-..-.0.-5-----.--. 1 

Georgia Historical Society..-.--.--...------ 1 Natural History and Geological Socicty .--. 1 
aan |] Brunswick: 

WL ESOaSe Devon tosnal (Col eyes Bh Seco sag saab] sodooe aeEsen 3 
Bloomington : SAG STOLICA SOCICUY, so seein cei olsen ier a 2 

Museum of Natural HWistory..-.....--.-.-.- 3 Portland: 
Carbondale: Society of Natural History .-......-.-....- 15 

Southern Illinois Normal University -....-.. 1 Waterville: 
Chicago: ColbysUmiversity=----esscreee= eee =aite i 

PXCAOEMLY Oli ClOD CCSscy-- ars ore 2 s= ates wie ealerat='c 77 
PNBtLOUOMICAl SOCICHYIN ones cecceeice sence ces 1 MARYLAND. 
Dearborn Observatory..------.-----.----... eee 42 Annapolis: 

Free Library She Lape ee eee a coini ee | 1 United Status Naval Academy --..-.-.--.--. 5 
WIS RVENGIY: soBde psccee csoes9 posceoeeeoEeds 3 Balwiors: 

Pe ais SAC r a ei ane ite 2 Fi Academy of Sciences...........--.--.------ 2 
State Micros I S ers toh aes mae 9 | American Journal of Chemistry —-..------ 1 
sea ¢ ‘0s copieal Society -2-22225-.------ i | American Journal of Mathematics ...-...--- 3 

Waele eel eA is aang ia Sct. Historical Society .----- seeks silsieyiose 3 

Bilincis Museum of Natural History.....-.-. | 5 en Fg STD GaAs Danese ai rink a8 
ttawa: | Sr A de Ce oe Sree eal 7 

Academy of Natural Science -..-.......-.-. | 1 Peabody Institute. .-------------------0---- 34 
Sprineticld: oa RATT 

State Parana sean ee test ke 1 MASSACHUSETTS. 

tock Island: 
Pare Ambherst: 

Augustana College SiO OSTOdpoabCoCocSGocE 1 Amherst College SA bs Tai ape ee gee Maar t 50 2 

e 2 | Boston: 
SEER Ge American Academy of Arts and Sciences. . - 15 

Indianapolis: American Gynecological Socicty ..---...--. 
ACAMEMY Ol SCIENCES. 22 joc ceca c swans ctor scee 1 || American Naturalist --..--.-.---..2-5--222- 
Bureau of Statistics and Geology...-...---- 2 | American Social Science Association ....... 
Geological Survey of Indiana .-....-.....-. 7 | American Statistical Association ...-....--. 
Dwr Cais (CHITA see ee a HuliWAthen coum ee eee se eeeee es ces ccerae. 

IBOStOnMELOS Piva seen eecioele cise tae 
IOWA. Boston ae Joep? CoocagaceneeecHocnoS 1 ean ees 

Davenport: Boston Scientific Society ..---.------------- -) 
) é Ss i Seoooosoc 9 

Academy of Sciences. -:.-<+-+--<sessecce-.- 53 Fei egen ae al History PONS aa Le 

ee oes: 3 1 Commonwealth of Massachusetts..--..----- 3 

Bercorior of Lows 2. - 2a ies 5 Shia Sarees as Pade Nuns Pie erwten 1) 1 
pie ae He ae Poe een nae } | Entomological Club “Psyche”. -... ..--.. 1 

pane Ts Sit alae Aik} Massachusetts Historical and Genealogical : 
SOONG = coossedsoncobadsden Aes ae a 

oO ena of Science and Arts. .....--- 1 | Massachusetts Institute of Technolo; gy. A 

Tat ie || Mayor of the city...-.------...------------ 
ae W eee PORDaS OR CSSCC 250% a Medical and Surgical Journal ...--- 10 

SHAY Ol8 CUI e sages aceceRinss cone S05] New England Historic and Genealogical : 

16 | Society Sa WIENS Ey i yey TS 
I SNEAAEE | Prison Discipline Society.------ ----------- 1 

Lawrence: PublicstneoWilrany eee see. eo -k oma 1 
pAcoilemy of Science: --.- 22-2 222-2205 -- 5. 1 | State Board of Agricnlture.......---------- 1 

Topeka: State Board of Charities .-...--1-.--.------ 1 
ENCAEM VOL SCIONCG=.- 222165 s2cecececn se | 7 | State Board OEICHI GM epee sete east 12 
Kansas [Historical Society .........--.----- 5 3) State bibrary).osecs 2-2. «occ. ow nnnn ooeee 8 
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List of packages received by the Smithsonian Institution, §-c.—Continued. 

UNITED STATES—Continued. 

Recipients. Ae 

MAssacHusETts—Continued. 

Cambridge: 
Botanical Museums cee so cas senna ee 1 
Hntomolosicali@inbitecss- eaaseieee eee eee 2 
Harvard College seins neeleeisiaw Lemeeee eee nteed 37 
Harvard College Observ atory bemise esac se 20 
Lawrence Scientific School .....:-....------ 1 
Museum of Comparative Zodlogy..---------| 88 
Nuttall Ornithological Club .--2.-.--------- ] 
Peabody Mn Seritie seas Sees at 8 

Jamaica Plain: 
‘Busseya nstibutoneecseeeeeee eee eee e eee 5 

Salem: 
American Association for the Advancement 

OLPSClON COs ee esses oe ne ee 42 
Americany Naturalist) <4 .-c<\cersceecess sone 2 
American Oriental Society .--...-.-----.--- (fo Waa 
WAEsexlMstituibte ces ss.-o2 sos ease eee ees ieee 
PeabadveAcademy, ~<.-25+--scecemeaei-acee 75 

Williamstown: 
Astronomical Observatory.-.--..---.-....-- 1 

Worcester: 
American Antiquarian Society ....-..--.--- 8 

MICHIGAN. 

Ann Arbor: 
Geological Survey of Michigan ......-...... 1 
Obsenmvatony .-a-siee esas 2s sca cele see anereee 7 
Nociet#y ObeAsricnltUre.--.<-5 24555 Se aeeeee 1 
(Wmiversitywecoc ec scne cee ete te eee 1 

Coldwater: 
Michigan Library Association........-...-- 2 

Detroit: 
Geological Survey of Michigan.....-......- 1 
State ‘Agricultural SOCLObY) Sea s-tseeeeaeeeee 3 

Lansing: 
State Board of Health ..............--.---- 17 
Stateduibrary --ccceecce 22 ccc cesacoen eeeeee 1 

MINNESOTA. 

Minneapolis: 
Academy OL SGIONCOSs s20652scenesriaaeeneeee 3 
Win Vensiby") oes cesen ace aries: a ote eee ee cee at 

Saint Paul: 
Chamber’ofiCommerce .-- 55. ease eo eee eee 1 
Historical Society of Minnesota ---.....-..- 1 

MISSOURI. 

Glasgow: 
Morrison. Observatory esse ceccicielas cise 1 

Jefferson: 
State Board of Agriculture ................- 1 

Kansas City: 
Kansas Review of Science, Arts, and In-| 
USER yee eriAss asc seictnceecusian ee ee oan ee 1 

Rolla: 
Geological Survey of Missouri......-. asic ate. 8 
Scho ol of IMNTIOS 2 --)1-<e2 abode ne Gecaee eee 1 

Saint Louis: 
PACAG OMY OlmSClENCO: Scie cccccats sptanosece 132 
Mercantileginibratyecassse ccs o encase nee ene 2 
Peabod yeAtcademiys ssemisis eoeieen seen ee cene 2 
a licwi raya teres eee area nem 1 
Pablicwschoolsaibratyy os se. see aeeeee ae eee 6 
State Board of Agriculture...............-- 2 
Washington Univer. SOV memenieemalenieneeaere 1 

NEW HAMPSHIRE. 

Concord: 
New Hampshire Historical Society......... 2 

Hanover: 
Dartmouth College ...-. popsensostaossdacece 5 
Observatory...... einialeicem moe cies serine maison cine 4 

| Observatory 

|| New York Medical Journal 

Recipients. 

NEW JERSEY. 

Hoboken: 
Stevens Institute of Technology.....-.----.. 

Newark: 
New Jersey Historical Society 

New Brunswick: 
Geological Society of New Jersey 
hutgers School 

Princeton: 
Green School of Science 
ColleseiofNewimWJiersey-- 2-2 -ossssee eee 

Daley Obse rv aiGe y 
Jusurance Department 
New York Medical society.--... Sees 
Secretary Of Staterm----ce-ccecceeeceecoeeeee 
State Agricultural Society 
State Cabinet of Natural History.......-... 
State Library 
State Museum of Natural History 
University 

Brooklyn: 
Brooklyn Library 
Entomological Society 
Mercantile Library 

Buttaio: 
Buffalo Historical Society 
butialo: Practical Schoolee.. sare =-eae- aaere 
Butialo Society of Natural Sciences..-. --- 

Clinton : 
Litchfield Observatory of Hamilton College 

Ithaca: 
Cornell University 

New York City : 
Academy of Medicine 
Academy of Science 
American A griculturist 
American Chemical Society 
American Chemist 
American Ethnological Society..-.-.-..- ict 
American Geographical Society 
American Institute 
American Institute of Architects.....-.-... 
American Journal of Chemistry 
American Journal of Microscopy 
American Society of Civil Engineers-.-..--- 
Astor Library 
Chamber of Commerce 
College of Physicians and Surgeons .- 
Columbia Collegeeress Is eee 
Cooper Union .......-. 
Engineering and Mining Torna. Be SSeS 
Lenox Library 

Maar! of iho City 
Mercantile Libr: ae Association 
Meteorological Observatory  .......-.---- 
Metropolitan Museum of Arts........------ 
Museum of Natural History 
New York Historical Society........--..-- 

New York Microscopical Society....------ 
‘New York Sanitary Commission.....------- 
iNew Work Society Library soeese ese eek 
New York Society Of Mibrarieseeesceeeass oe 
New. ork Times: 35-5 ee eee eee eee 
Observatory Central Park 
Public Health Association 
Sanitarian; - 225/225, ese eee eee oe neers 
Schooltol Mines eee eae an eee 
Scientific American ........... en Sacuinawanne 
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New Yorx—Continued. 

Van Nostrand’s Magazine 
University 

Poughkeepsie: 
Society of Natural Sciences 
Vassar College 

Schenectady: 
Union College 

Troy: 
Rensselaer Polytechnic Institute.......--.. 

West Point: 
United States Military Academy .......--.. 

NORTH CAROLINA. 

Raleigh: 
State Library 

Ashtabula; 
Anthropological Society. --..-----.-----.--. 

Cincinnati: 
Astronomical Society 

~ Cincinnati University 
GeolocicallSocichys-ssss0-so--ceesors cso. oe - 
Medical College of Ohio 
Mercantile Library 
Observatory 
Public Library 
Society of Natural History 

Cleveland: 
Kirtland Society 

Columbus: 

Gambier: 
Kenyon College 

Oberlin: 
Oberlin College 

Urbana: 
Central Ohio Scientific Association 

Yellow Spring: 
Antioch College 

PENNSYLVANIA. 

Allegheny: 
Allesheny Observatory. ccs -cccse--ces----- 

Bethlehem: 
Lehigh University 

Easton: 
Institution of Mining Engineers 
Pardee Science Scbool 

Harrisburg: 
Second Geological Survey 
SOE Epil aah rs RO Se ee erence et ee 

Philadelphia: 
Academy of Fine Arts 
Academy of Natural Sciences 
American Entomolegical Socicty....------. 
American Journal of Conchology........--. 
American Naturalist ..-....-222..- Een aeee 
American Pharmaceutical Association 
American Philosophical Society 
Board of State Charities 
BOAnd Oty Prado! ce aj-seoses seco eee eee 
MenstraleighiSchooltssseeesseeneeeeeeeesee 
Franklin Institute 
(reologicall Societysa-cccssoeen eee oe ee 
Geological Survey of Pennsylvania 
Historical Society 
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Recipients. 

PENNSYLVANIA—Continued. 

mibrary Companyeceseeeassereecereceneraes 
Library of Pennsylvania Hospital.....-.--. 
Medicalslimes) acc anse scene cessor ee nee 
Mercantile aibratyiscesacu cececacenee eee 
Observatory Girard Colleze _...-........... 
Pennsylvania House of Refuge..-......----- 
Polytechnic Bulletin 
University of Pennsylvania). ssss5-s5-25 cece 
Wagner I'ree Institute.-2-- 222 -5------ Sones 
Zoological Garden 
Zoolozical Society 

Pittsburg: 
Mercantile Library 

RHODE ISLAND. 

Providence: 
American Naturalist 
PAC OM te UM eee ree cyan ees sie sieht aetelatheeicte 
Brown Umiversityecsc- ee ceas oon eee eee ee. 
Rhode Island Historical Society 

SOUTH CAROLINA. 

Charleston: 
Colleceto® Charleston\s--------mesaeseccee ee 
Eiliot Society of Natural History 
Library Society 
Library, University of Charleston.......... 
Medical School of South Carolina ...--..... 
Society Library 

Columbia: 
South Carolina College Library.....-.....-. 
University 

TENNESSRE. 

Nashville: 
State Library 

TEXAS. 

Chapel Hill: 
Soulé University 

VERMONT. 

Burlington: 
University Vietmont-njae-csaseseoteseeee 

Castleton: 
Orleans County Society of Natural Sciences. 

VIRGINIA. 

Charlotteville: 
University of Virginia 

Hampton: 
Library of Tlampton College 

Lexington: 
| School of Encineers eae alot wacom sib ace 
Virginia Military Institute 

Richmond: 
Medical Coilege 
SGaALOMul DLA Vee as elec esas eeisieetrte = 

WISCONSIN, 

Madison: 
State Agricultural Society ..........---.--- 
Sta’e His orical Society 
Wisconsin Academy 
Wisconsin University 

Milwaukee: 
Natural History Society 
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CANADA. CanapA—Continued. 

Hamilton, Ontario: Ganadiantinsiiiite sete sea een eee 25 
Scientific Association. --.:---.-------------- 2 || Canadian Journal of Medical Science. .---.- 4 

iSingston, Ontario: CanadianwNatoralistes--eesesee eee eee 1 
Botanical Socie Iny Gre (OPN Ao pcaescossocs 1 || Entomolosical Society -.---.---.5-----.-.- 2 

Montreal, Quebec: Geological Survey Office .--........-----... i 
Canadian Medical Record ...... ...-------- 1 || Literary and Historical Society -.-......-.. 1 
Canadian Medical and Surgical Journal. - -. 1 || Magnetic Observatory 5 
CanadianeNaburalisheeeessse nese eeeese 7 || Meteorological Office ...........--..--- 8 
Geopraphical’Society--------------=-------- 1 || Public Library S aacCUnBSSHaoteS 1 
Geologie: alSurvey of Canada.-2-..--.------ 15) || WMIVersity sco. << = emis e nese eee seed 1 
Government ot Canada... .....----+---++- 1} University: Collese! so... sceses ese eeeeaee 1 
L'Union Médicale de Canada .........------ 1 
sue aaa onC@anadaense- eee eee ES NEW BRUNSWICK. 
Natural History Society---...--....------.- 20 . P 5 
poelee ad Sa du Bas-Canada-..-..-.- 1 tas eae Renewick 

Meadarie or Nate Sciences 1 Saint John: i © AL OCICUCOS ...----------- r 7: eee . = 

Library of Parliament..............---.---- 3 || Natural History Society.....---------.----- 1 
Quebec, Quebec: cE WIFOUN . 

Gieocraphicall Soclebya-- se seas asec on a= 2 APOE OE US 
HSHOLICA SOClObY, sso ce cs ease einai e esa =i 1 | Gan feTOnnae 

i 1c ‘ Js ne } . Ni ee 9 Od t S: 

Pee ts ute ae SOGCIaa =a 1 || Geological Survey of Newfoundland -...-.. 6 

Literary and Historical Society ...-.-..---- 4 Legislative Library -------.2.-----.--2--=-- 1 
Literary and Philosophical Society. ..-.---. 3 oe, 
Naturaliste Ganaiiers BAS ooeceoee y Bee sie cis 6 NIEMEN SEO 

Toronto, Ontario: Halifax: 
Canadian Entomologist......-...----------- 1 || Nova Scotian Institute of Natural Sciences. 13 

INDIVIDUALS. 

Names. seen | Names. pees 

ADberProk © ieeet ce ceecsee eee cee Geecneeees 13, || Batess0OH. 2-22.22 S85 coveckeeureseceereee 
UN iye He OM Ce aapoopeasoconbcceoabeconbescecson 1 || Bausett, S. P-- BeSneo oSeconGoSCDesc 
HAND OGSS tues acae = -cleasi cic ciscieeins see emeareetos 1 Beardslee, Commander <.:.2:s2-0028: cess 
EAD HOtE Gen weeds sec. cece oo oe cee emcee Te ibe nee (CHI eee sesascngsenccccs soc au sa59 
ADert Coli isn sscccssccessceessnscicce see 1 Belfrage, Ga IWe soe ers Denk aoe ae eee 
Adams Charles i) sss- -sccesassanoncosee sss 2 || Bell) Robert --------.-.---------.--2-=-==-=- 
IA@agsiz AProtyAS -< acc /siccaece se soem eulnae oo ete 8 || Bellows, Rev. F. W 
PAGING eGo BO) pa aec ante sanansesapesaceoS 1 || Berkmans, Mr 
Alexander, Prof stopnenl=s case seie~ = scse = 2: | Bessels rds Aas ecosasescsee eee eee 2 
JU bh COBIby ao tecotanonagsacobe sdeaascooc 3. || Bethune, Reve Codie cs secemecse cael cheese 
Anderson Alle. Oi eek ccc. cabs ve eecencwe 1° || Bickmore, Prot AC dy wees. ose «<i scieeeees 
PAYA TE WSS IRs Pus fotsea ea ceyo cioclarsoctee ce Genieek 2. || Bien. Subings 23 ce tA. pe nccte: sae eee serene 
AECL Ur tssI6) Sosscagoncodacciescsaccodse. 2) \eBicelows drones acca nieces ese ee eee 
Ansell SDr RhOmMaAS) <<.25- ccs ceeeeseereee 1), Billings Drs meeoeeeee ee ee eee 
PAT PLEtON 6s OO) sree ase coe sao eer eee 2 Birney, Gene Weereee=--=- eee eee 
ae Pe RODORb Mili —— =~ oe se eee cece 2 |I Blackman, ChanlesiS 222-6 ..5.0 25s 
Ashburner, Charles A .-.....- 2 || Blake, Prof Wiibies: oa: eee bee 
Ashe, Commander E. D 2 Bland, MWhomas =_ 2e< ccc ncecere aes sees 
‘Atkinson, Wie Bis csjosccins.-icics ncence meee al Blasius, WwW. i saee sae 
FA VGRU MR AHI Sc ls'cisle's'eisinticiscise eee ene 1 || Bleasdell, Roy: William. soccer 
‘Bapcocks GeniO! Bis -sccre<cseeceeene eee 1° ||| Boutcher, CUS... .2aeceesces soso eee Sees 
IBA CHOSE Rs eerste aes ccjenciec cece ceeeeee 1 || Boyden, U.N oo pte alee 
Bachewerofessor nt Haxijoasewecies ceeeecuees ll || Branstord: Dr: Ji.gh) ce aceeeceee ene eee eee 
Baird roOlsSsh esses oancioe twat ase eeneoee 31° || Brendel, (Dr: Wred!...222-2s-cee eee eee 
IBAKOENMeNRYED ysecscienaa< =e ee ae eeeene it Broadhead’ Gi es) 2-2 ee arco nes eerie 
‘Ballard eOSMUAye ascetic see ecm eee i) Brooke, Maj. Bise-ace-0eee ee eseeeee 
‘Ban CLoiimeonAGeOree nee ssn ese eee 33||;Brown, Horace -.2.---.-ssseeeeee ee eee ees 
iBarelanard ames Hes 2 ential Sec ceieseeeee 1 || Brush, Prof. George I 
BartootwerOLesSORse nce sce ceeeee eee ee ccee 1 Burgess, Bd eo. ceases ch eee es 
Barker Prot Gcorveuwk . --\c access ae seis 2 Burnham, SOW? co.cc Saison eee eee eee 
Barlow: Hon. irancis': 0 2-peics-ceesee seer 2) || EBurnett; Dr: SMe. 2. - <2 2 eee eee eee 
IBarlows, SCOtbise see ce cas ooigc oe cele mes eeeene || Butler: Charlesi):.<22455 ee eee eee 
iIBarnard: "Rev Er. <--> asec caeeerceeees ee: 2: || Butler, James Dic. base ee eee eee eee nee 
Barnard, James Mosc ccs <a cee see 2 eal 2 \iCameron, -Aillan.,-<2: 2 oeeeemeeeeee ee cee 
‘Barnes; General see oases cesses = soe eee Ai \Carll John esas seeaeeet cee sees oe eee 
Barnes; How W sssessescsc0 esse aeessss-2s5 4 Capron, Hon. Horacemesuctescen soseee cece 
Barnston,) GeoreOseeseeo-==claese= see ene se 1 |i Carman, ISB ITD e\ wpancnoosoosooesen acne 
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Sennen 

Carr, Luc 
Case, Leonard 
Casey, Colonel 
Chamberlain, Dr. C. W 
Chambers, Prof. V. T 
Chance, H.M 
Chandler, Prof. Charles F 
Chandler, S.C., jr 
Chapman, Dr. C 
Chickering, Prof. J. W 
Clark, Ed 
Coftin, Prof. J. H. € 
Comstock, Gen. C.B 
Comstock, Prof. J. 
Conn, Dr. G. T 
Cook, Prof. George 
Cook, Prof. J. P 
Cope, Professor 
Coppee, Prof. H 
Corson, Prof. Hiram 
Coues, ‘Dr. Elliott 
Coxe, E. B 
Cox, Prof. E. T 
Crosby, Joseph 
Crosby, W.O 

Cutts, Col. R.D 
Dall, W. 

Darrach, Dr. James 
Davis, H.C 
Davis, Lieut. Com. C 
Davis, 

Tee IW. 
Dawson, Principal 
Dean, John Ward 
Dewey, Melvil 
Dike, ‘Camden 

Dobson, John 
Dodge, A. G. Phelps 
Dolley, Dr. 8. R.A 
Doolittle, M. H 
Douglas, Fred 
Dow, Capt. J. M 
Dow, Hon. Neal 
Downes, John 
Draper, Dr. Daniel 
Draper, Dr. H 
Draper, L. C 
Dufrasne, Abbé 
Dutton, Captain 
Eastman, Prof. J.R 
Eaton, Hon. John 
Eaton, William S 
Edwards, H 
Egleston, Professor 
Elliot, Dav. Giraud 
Elliott, E.B 
Elliott, Samuel 
Ellis, J.B 
iS MRe VAG eOrcet ese een mee ceee eee eee 
Emerson, Prof.G. B..- 
Emmons, S.F .- 
Endlich, Dr. F. M 

Ericson, Captain 
Evahs, John D 
Everett, Percival L 
Evyart, John G 

cn wee eee ee eee cee es wweees 

Pack- 
ages. 

= 
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IW D NRE EN RINNE NH HHO NOR RENEE HD NNR HHI 

FD bt et OTE OTD 0 at RD DDD ee ep i 

|| Frazer, Persifor 

| Gamgee, Professor 

|| Hanks, I 

' Hedrick, John T 

| F] age, 

| Gatschet, ANID ORticaeee ss eee cote een nmenenae 
1] Genth, Dr. F. 

Gibbs, Philip H 

| Gibbs, Prof. Wolcott 

| Goodall, A. G 

St eras 

r sala ’D. ae 
Tields, James F 
Fisher, Dr. G. J 
Tiss, George W 
Flag, Samuel 

My Coe eee Ce A eT a 
Vletcher, Dr. R 
Yiint, W 

Fontaine, Professor 
HOT DES MU rea Ware nen e oe oes oes eee neee 
Fortin, Dr. Pierre 
Fowler, Rev MAIN CS ieee eee ce eon oer 

Frisby, Protenieiers: ee eee 
Frothingham, Mr 
Faller, H.W" 

(aon = E. M 
Galt, Sir A. J 

Gannett, Henry 
Gannett, Rev. W.€ .....--..- 
Gant, James A 
Gardner, Hon. W.S 
Garnett, “Dr. IX C2 
Garnett, Dr. 8. G. P 

(RONG UE Soe ipa eee GPL aN 

Gibbseratuhttrss sehecss Mea ewan ace 

Gilberts Gude ph Boke cosh Pe aa 
Gill, Dr. T. N 
Gilpin, Bernard 

Caen Prof. SSGIEm assem sente cinder anenee 
Greene, Lieut. F. V 
Greene, Mrs. B. D 
Grew, Henry S$ 
Guyot, Professor 
Hagen, Prof. H. A 
Haines, Col. P. C 
Hale, Hon. George S 
Hall, Pr of. A 

Hall Prof. Rca ese eeae ee nek mE 
Hambach, Dr. G 
Hammond, Dr. W. A.. 

wee eee ee eet eee eee 

Hanson, P 
Harding, C. L 
Harding, Edgar 
Harding, George W 
Harkness, Professor 
Harrington, Dr. b. J 
Harris, Clarendon 
Harvey, L. F 
ibabhanvanvay Ga lanes: ciecice ss 

Hayden, D. H 
Hayden, Prof. F. V 
Heatherington, A. 7 
Hedrick, Prof. B.S 
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= Pack-! 
Names. ages. Names. 

Henry AINGS |. 2252-22 <2 oo e ee eee i yman; ETOLessOl-escmceseeeaea cea s BSB 
Lea WGA (Soke Seoseo ees sdacadeSst sec dese duliMactarlane, Fi. Met2 occ reeccemescceccece cece 
Hess, Miss Salli6 vAs .occ 55 5c cto-meet eeeneeer io} Macoun eroiOhnsecosn eee sees eee eee ee 
Higgins, WSs bben ceases ec csseeeeeme eee. AS Mfaisch,; Jobm IME secre cess seme sarees 
Hildebrand, He astdccase cosenuee cope epee ee fy MalleryiColoneleeeecsesccerte see eereee eens 
Hilcard | Prot.Ji esses es-seeeeeeeee oes 10:1 Mallett, Prof. Ji. W <.---si2ss-<dseemececcci 
iE George Wiis ctec-cc- ass sase recess ee 6] Mann. Mrs:Horace! cc. --.-cscceesmoseeecace 
Bind, (Prot: EL. case ee ewes aeecceiases 1) Mannicault|G. Wie cscsriseccesse-- eee esses 
Minde, George d) -o.s-s<scsseesecsee seein oo 1s) Marcou, Protdilesss-c- ose" se see eee se 
Hoanric¢hs; (Prot. Gee cocnccessceceas ecscece WAG Marcon PhiGB 22. 26. ccceetes se sale cementite 
NT CHCOCK PE rOLessOln= eae neers eeene er ees 4 || Marcy, Prof. Oliver 
Hofimanh: rowel sossscescs sce secee ents gl Marsits'ProtOn@) ness cesse 
Holden; Prot. sno) eee ence - secs ne sicaseeeeaes tf Martin, IN Sesseccccee cies 
HOMES INNS eae Sane cee ciemiscwasiemeseste cists 1 Marvin, Ji (Bizemscicscnecceccscaccssceessecee 
FLOLMES SO LAOo NW aoe cee con wow a Senet eee. 2ileMason, Prof: 0.20 2os.sec eseee een cet eeeee 
LOM MES Wil coe ccc coe ccs ces sscemaceecees 2 Matthews, Gi cae ot oe calsnesessecceee 
oli Ze Charles W «s2occan ce acicacan oceans 1a Maver Prot. Alt. Mo cc2 22 32.5 -0sssoneeiaemees 
VON ME nek A ooes occas cece & hemes neeueeen a McCage, ZIG eects cee een = Saeco ae 
LOIN GAG Sas coseceec ces oe secaememeahres 1 || McC hesney, Joseph Sonic oie qsatstele steers 
Ou Reb rane Bio aseek oo nl sacar eee ats Za PMCCredthy Alcmescencccnaes ass ee eoeaeeeee 
13 I) 2 ge) id 8 ee ae eSAeeae Sa aee ae 1 || McGee, Ww. ae Lee ee eee eee sae mais eater 
Howell Prof. Bi! 22.26... sce-ccosesheese= | McGuire; Hh. Bieasssestocese secs. se saeer eee 
Howeute (Capt. kl. Wises-acsne= ---oseae ee 4 McLaughlin, We Wace ae semen coe se tener eee 
Huart, Abbé Victor .........--.----ce-00-e2 3 || McLennan, ee a Re ae Slee | 
Hudson, Boe se hice ceca coe oe ereeeeeaeer 1 || Meigs, Dr. Adelchn on eae on pene eed Ee 
Humphrey er Gorcral Awa tee eee 4 Meigs, Generali Cisse. -aesece = eee see 
Hunt, Charles O Daal aciosteecise assent pemeeene DS MANeTIS, An ccossccsecisitees setmseceneeeeteere 
Pant Mer Orde ent y ee sce ee nen nee eee eer ee So eMlohr (Pane ease oecceiecee ese «=e eee 
Hyatt, IProfcAeeescs caceewes ceatetcneneece 2)|| Morong weve LOMAS a.5 sce oe eee eee eine 
Jackson, AQ Wl s<-s2-s-2s252sseersenes DE | PNEOTSC)cbeRO tae L) eee asa aat= eale eal ete 
games! 'PTOL. WW. asc ease ccs ns se aceeeeeeee oe US| EM orton seresid ent ihe ao oe.e aero tees 
danes; Rev: Owen --0s-2s-.cse- = essecese se LOW Oe ha TOG b WAC US amano sboacoeoonss cacasc.6 
WALVAIS MOT. MG sce Adee te ont oe coe ete ae peek 13)||\ Mosman, AlonzovH = o\.c2 an. oeteseciesacena ete 
diellitte Samu cli Goes. easels sean cee 1 }|| Mfonldine, “Phomas soscc. 2-22 sccee eee ee eee 
cenkins Admiral eee sense mceeee eens Te thio Chama Mullin Acasa aoessone cadena accesses 
woObNnson, AceBeeec oes oc woes ce costeseee ae 1 || Myer; General Awd... .. 2.2.22. o2- ose eeacke 
AOHNSLON BT AAWisnWilercs secu cece eee eee 25|| Nacle; Dr: John It) 52. secs-ecriaae cee ener 
Monessen cece cee seams s sae case miekwen I) Newberry, Dra. S222. a. 52 esse e cine weno 
LOnCS f) MaAtthOW:-=- se>sese~scaneqeesccene PH PINxoteuil OJON Semone sgaunabernasodadsose. 
Oy Exroty Charleseal cones) ee sseaeecac er eee Zall NOWtOM UL 7ococcancacoctn ese Serie ae eeoneee 
aSendall broth Oecese sece ch secoee eee ee 2),||| Newton: Prot: Ave. ooo eal oe eee eee 
ASETT Ent Wisk coe cinecrine eee ee ee EEE eeee Ty tNacholsonwwWakl-- ose ccee a cae ee Sere ee eee ee 
Bidder Dr. Eee coe seca one ee eee eee 24\(eNicholson) Willa oc. secees cecee lessee eres 
Kilbourne, Lieutenant -22-.- 5-2. ssseeenee S| Nip her Brorehaks cas-cececos- ce taesemeeecee 
Ramballya. Pi coc sse cise wesc ccennvoosuee Ll |ANordhott © s-* . Secce nace aoc ee cecee cesar 
Kano sr (AC WA ac ses ececrae cones Zall, NOIris: dee arkeOl vaseces oacs- cee encineeenenee 
Ine MELO. ClavencO sasaces occa cseseenene Abel Nourse: CrotidnBissecessccces ooenae raters 
RN OSLO YS WV, wer net ce cere een Dal Olivers TONG tose sc seer an ce atest aerate 
manoston, Ge ae oe see cae De oeeiaee 21||‘Olmstead, Rew iG. ecccceems see ceetieasine 
Karkwoeot) rot. Drsanicl | ssaeceneecases E | Grdwan, DrsA.2 202. cccc sce seecsionce oss 
Knapp; Oe dames. = see ee tena seme eee enone 3!) (OSHOIME, WW! sane a2 aes sence es nneas om ceca 
WET OR Tel st Mca cs acre eee ROO Oe eee Seen He Otis: Wri GaAs 3 sae seecinels 
NAA AMIMe ce TOL. diilre Wk oes capes 1 Otto, Rev. E . s lincaseeeesestaweeaeee 
TEE RIVA COY ehcp eS En, Crore hee 1 || Outerbridee & Co. 
anon Ge0ngerM= 22:2 skcscoeeee ee cee ere 2 || Packard, Prof. A.S. jr 
BEANO TWO os Semse coe ne nine EEE EE eee 4|\"Packard:Dr: Jone... 0... 0 ccce ne eee 
Man CLONaeT OL. dose oes nonce eee eee one 24 | Ra cCkenrsbl. Wi eas go ce os accom emcee eee mee ae 
Lawrence, Gieorce: Niels cose eee eee eee 3) Paine ~erok Martin: (S22 oecs2 -oeeeeceeene 
Lawrence, HTCGT) | ees ce a ee 1G -Parke; General'dinG.s---2--essae- ceases 
Lawrence, Hon. W.B iy Parker Dr: Peter. 22522..23242 2 setae 
Lea, Dr. LY ge ERR Sag! Dea 208)eParishurst, bi Mi 22. Sea cee eee 
Le Conte, Dr. John L Iii arkman Prof. Prancis..-+---+sssce ss ese 
Le Conte, Prof. John 2 || Parry, Dr C62 a ee ee 
ibe Conte; Prof. deseph s...-sssse.cesueceeee 2 | Patterson, Capt: CrP setae sees eeeeces 
Wee AG MITA Sak occ sc aws cealcioeewec eeeneeee Wal Weal BS ME Sok csc cvacence lcci ne diets aeeeeereree 
eee DNV NIA oie oi cos csc co ces aceeee sence 7,\| Pearson donathan. 2.2.2 jose se ceeceneesteeee 
IGG sd OMS Sade nokddrnns sodeac sosraccssene: 1 aPeck: Charles | 3225222250 eee eee 
Bed yi OSCPN a -2= 5250+ ccece ceo ceeene 6.||' Peet, Rev..Stephen .-. 2.2.1 oi ose ee neeee 
Tiesloyad eae sce ce oes. Jaa cacisceneeciee Ol Peiree; Prot. = :.ccc.b ceseeeeeeneeeoses 
I esquereux, WC0)..2- 55 c.ss00,.ccceececsas <<: 2i|\ Peters Prof. C. H.W... 2 seseeeeeee Sass aes 
iE GoncrapbzG-vAMs te scat cscccs see eeeoaee TalisRistersiGsnh) «2222.5. poe ee 
J AK THD, IN ISis5aacecucaadeecadascsoeeE an: 1 || Phillips, Henrv_-....--...- ; 
inden Prot Wweopold cas. oc ce encase a seeaser 2 || Pickering, Prof. Edward C. 
TV OEIMOLG, hue val UT aee te eee eee eee ieee oes Til peackerina Henty.c 2) sess eee eee eee 
MockwWoodsbroinwisceseccess sa cserathesecoet iL, Pierce: Prof: Bo. 2: 2 eeeascnes ce sesas~-ecbe 
TER OD Sh Bl 0 hd Die Soe oo soc sheceseessScCooe- 10 ||} Poe, General 0; WE {ie ieeeeeete cnc oe eae 
hovering, Prot. Josep -.o.c-cs-selnemenee- 2 || Poesche, Theodor .--2-+2-e--s-cseeececenee 
Towé, Fr Oat: Se ee 1 |! Poole, Herman ...... ..... eters Stk eee cae 

Pack- 
ages. 
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Names. 
Pack- 
ages. Names. 

Pourtales, Prof. L. M 
IROL SENT oo sos secose enous cuoSoGSGoerne 
Bowell Menon Warsssese so aaeaa secs sere ae 
Prentiss, Prof. D. W 
Prime, Fred 
Pringle, ORGIES Sencsccc rcs Seca oeeeeree 
Pritchett, CuWissseeot es een seat cowie eine 
Prout OT EW eens cae acee ste cinetccies = 
Provancher, Abbé 
Pumpelly, Ralph 
IPT aMeh Wik ceccceeceiccase ecces-ceccece 
Putnam, J. Dunean 
Quincy, Miss E 
Quincy, General S. M 
(CymbaGi, [BOGOR I «Se conasnoupe soeEanaCe 
RameOomOhanrlesteeeescs a> sme see elaccecisis ns 
Redfield, Protessor 
Ridgway, 1B, se LOSS eS es ee ee ener 
Riley, PrOPaGauNines ese e oe ececceekeseme saci 
Lising, Prof. W. B 

Ritter, W.F. Mek 
Roberts. George 
Robinson, R. W 
Rock, ATG] os Peet eet cer eeeeekte MO Seay Sh 
RodeerseAdmirall ohn) -2ccecs--cclse es sees 
ROS UUCI TAL reece tase ce ese eee ceeeees 
Roessler, Doctor. ----- See ee Bosoosewe: 
Roessler, F. E 
Rogers, OAM a ae bei ets tee 2 
Rogers, Prof. W. A 
RO oRTSMP TOL Wile ce oso ecew sc uc onesiny 
Rominger, Professor 
Rood Eno OMNye oss. seetelosc cen oeces See 
Rowland, Prof. F. A 
Roy, Mrs. William 
Royer, C.C 
fassell elaindse yee ne ten coe ee cee nce aae 
eh er ronda Miss) ees cwicw seamless 
Safford, Prof. James 
Safford, Prof. T. 1 
Sali Sbuc yes peewee oa, Same ie cents 
Salisbury, Prof. Stephens.-----------.--s--- 
Sanborn, S. Brooks 
Sands, Admiral 
Sanford, John E 
NavilliGramestkle sees cena s oo sec maemo 
Schott, Dr. Charles A 
Schneiders hme areca tet dace senaccecacieele oe 
Schrader, ‘Aucust 
Schurz, Hen. Carl 
Schuster, ING Gd ASC ROE ORDO RED SE Eee 
Scudder, ‘Dr. S. H 
MC UUCGr eee ee nee er Soc e acest 
ean) CwpAr Wines eee te ness ne. ca accerecece 
Searle, Rev. G. M 
Selwyn, PACH e (rene ee eS cces 
Serjeant, or 
PSXICLET SESE L Cae Ree Ss a a 
Shaler, PrOIPNAGE ek. os ee ee 
Shepherd, Prof. H. E 
Sherman, General \W. 
Sherman, Hon. John 
Sherwood, Andrew 
Sigsbee, 1040) 
Sigsbee, L P 

Simon, Dr. Wil 
Slater, EN jeer ona sseaee de coslsccce ceases 
Smith, Dr. George 

Smith) Mrs. Alex 
Smith’ Prof. E 
Smith, W. H 
Smith! J. ORR oe scattered eee eenane 
Smith} TERN eile Gl PS Be eee Eee nese renee 
Smith’ Prof. J. L 
os J. ie 

SD DD ODD eS RC 1 0 GO 

DD Bek Fah at Ff Ft pe pet tk a a at OT tt 6 1DO1BD 9.00 BOBO tt STIRS 09 tt BO Ft OO et et rs RD Ft Ft BO)RO) CO FA + BOBO tH 8 00 RO 

|| Steeves, F. H 

| Thomson, J. H 
|| Thurston, R. H . 

| Venning, W. 

Spencer, Prof. J. W 
Spoftord Ao R Tee ecee cee ee ee eee 
Stearns, R. E. C 

NuevenswiMrc 282.5222 hereee se se cee eee aes 
UOVENSOI Wii Osis ioe ace aes ccenee tenes as 
Stewart ri James) Oless cs) sees ees sees 
Stockwell dohnin:..cocose secs eee eee een es 
Storer, Professor 
SUReCIKOR BE posse coe ac ceceee 
Swallow, Prof. G. C 
Sweet, E.G 
SiwihtDir cette cecen sicee ointe Cee sewicisietd as anemia 
Sylvester, Prof. J 
Taft, R. C. 

MavlOTRWistswe emesis acceiiscelss so = otis oasis 
Thome, Dr. 8. H 

Milton) Capt Mebane s.-c...- css c= 
ROdGHDEP Mesa eoeene seek cee eecccess 
Tolles, Robert B 
MOnereV Exess sess esse ose wecee een ias 
MoomerJaMes EH = 252. o cess 2 ese ee sales 
Torrey, Prof. H. W 
‘Trouvelot, L 
IDO Oasaooedcas 1 -oLoncudacodadatoseond 
Tuckermann, Prof. Edw 
Abana aang goneoanaaccopqnoecnsqosacoeD 
slivinin oe Nila OLse seen eee mses see ee eeaeae 
Twining, Professor 
Upton, Hon. J. K 
Wasey Uri Georveres-------ss=-eer eo 
Venable, Prof. Charles S 

ViermllProf Dria-oeeee een ees cee e eee enee 
Von Name, Addison 

| Wachsmuth, Che ae Bee aeapeaccacaote 

| Ward, Prot. H. A 

| Whipple, George M 

|| Williams, David -.-. 

| Watt, David A. P 
| Webster, Prof. H. E 
| Weeden, W. B 

| Whitney. H. A 

| Whitney, Prof. W. D 

iWallkertGenerall PeAae snenseeeecen cee enone 
Wart, Geor ze Cabot 

Ward, Lester F 
Litem RSI ls ooosoodosaaocoooccoseecaccooDen 
WisrderyOreAyeecmoeet cee sects cate cieieiater 
DWarrens Generali Ga hesesen sec ceceeistctetcle = 
Waterstown, Rev. R:C ....... BonSoOngoo Soe 
Watson, Prof. James C 

Welling, Dr. J.C 
Werner, Prof. H 
MVGRiOD, EO Sa ssccccsenccbo, Sooresseas 
Wheatley, Prof. C. M 
Wheeler, Capt. G. M 

Whitcher, Hon. W. F 
White, TD TAO PAW Meet ok Gia use 
White, Dr. Charles H 
White, Prof. R. Grant 
Whiteares, J. F 
Whitmore, W. H 

Waliitney, Prof JeD ier 12a. seteec acess 

| Whittier, John G.. 
Wigglesworth, Dr. E 
Wieslesworth, Mrs. E 

| Wilder, Prof. B. G 
| Willey, Henry 

Williamson, Col. R.S 
Wilmot, Samuel 
Wilson, Col. John M 
Wilson, Hon. J. O 
Willson, Robert W 

' Winchell, Prof. Alex eee ecw eerste ee esses 

Pack- 
ages. 
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INDIVIDUALS—Continued. 

= Pack - Pack- Names. rages. Names. ages. 

NWanchell Profan abl oc ntc cesses laces eeeeeers in| avworthen. serofrAy Hoseererececeias seer eeeee 4 
DVANIS OW WE EVin Oy meen misiese cei caer eeae 2o| | Wirleht PrortAs oot osaecsemonean seoneceeee eee 2 
Wianyor, Justin -.-:..-.... Dsjsieies ace epee La OWarieht. (ProtcA We eeeeer enna ee eee ore 1 
Wolcott CAD. rc cs22t ecences aeenee soem 45) Wayman Prot Mine. 22) seeee ene met ene heen oe 2 
AWiood Jerotvll. © sccaces cc acccmeeenee eres |e Moun co ProfiC Agee. ee cee ee ee cee enone 6 
Wood Walliam( & Col soca soeeeceseee eee. 1 || Young, Clarence B ..- 2 
Woodbury, -HoniC@Ml see son ctenemenee eee 2 || Yarrow, Doctor. .-.. 5 
Woodward Dr Sid asascceceeeeencce see ces Gy Voumans DOr viele scecesnacee ter eeee cet eer 1 
Woodworth, DridsMi > sccc ec eenecinie es eeeae 15 ||| Zaremba, Dri Cr Wi .soc cs -oceciecceteesesoere 3 

RECAPITULATION. 

1 

Institutions. Institutions. 

— ow — a 
< oe <4 an 

JN ER Beageonewcoocenbcccsacec 1 2'|| New Hampshire .........-..----: 3 11 
PMANSAS) nose eae oeaee ese eeeiee 2 BilltNew diersey tae ss acecseseeecsesas 7 23 
@aliformianss- = -\s-ssscceeeeieeeel= 9 106 INOW. MOUK =o seta essen see eee 63 485 
GoloradO 4 a cece ecsescceiiecees 1 1 | pNorth' Garolingtsssseesceneesenere 1 1 
Connecticut 2222225... seceeeses 14 BLAS) (OHIO: Foes tse Sas oo eee eee 17 91 
District of Columbia..-........--. 45 910 || Pennsylvania 32 459 
Georgia 5 3 3 || Rhode Island 4 9 
Tilinois 15 104 || South Carolina 8 20° 
Indiana 4 ll Mennessee menus see eecoaeeee: 1 1 
OWA Sessa lees 8 WOU Moxaseoo as hoe See et Oe a ee 1 2 

IMANSASN eee ee ote sae ee sion Seite 3 114|| WMerim ont eo. e eastern mace oer 2 16 
Renita Cheyer se eererseen niece eristee ciel 4 Gil War cinta oss. cose eee eene eee 6 14 
POTMISIAN Apes aceticereert eoceeecs 5 BF PW el C OT Si eyes eestor eee ene 5 €0 
Main Gis fe scs=2 ots os Neeecee cee 6 2d} (BrtisheAtmericaeeseneeee cence 38 148 
Marcia di kssactmcasiis ca cceilaren 8 64 —_— — , 
Massachusetts: cece. cccecs been ee 44 789 Total socsse ee 385 4, 021 
Michigan Ass coches aissncsceecsee 9 Saulieindividualsss- ssa sesee eee eee 560 1, 566 
MINN CSO0bi se 2 2 snieeijawes wceiecee ee 4 6 ———— 
EMUSSOULIo ere ce csc oscceeeereene 12 158 Total see sees eee eee 945 5, 587 

II].—GOVERNMENT EXCHANGES. 

Parcels. | Parcels. 

RECEIVED. 

120 sets (of 50 copies each) of publications for box ‘‘N”’.........--.-.00---ss-0s--- 6, 000 
SA BeOS LOT DOK ao. oy cites 5 5 See See Se as ner a De oes 9, 200 ® 

— 15, 200 
DISTRIBUTED. 

a. To foreign governments: 
35 boxes “‘ N,” each containing 187 copies of documents .-.....--.----------- 6, 545 

b. To Library of Congress: 
2 copies each of 304 sets of documents delivered by the Public Printer .-..... 608 

—_—- 7, 153 
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Box ‘‘N” of government exchanges was sent to the following-named governments: 

Argentine Confederation. New South Wales. 
Bavaria. New Zealand. 
Belgium. Norway. 
Brazil. * Ontario (Canada). 
Buenos Ayres. Portugal. 
Canada. Prussia. 
Chile. Queensland. 
Denmark. Saxony. 
France (one for government, one for distribution | Spain. 
among the departments). Sweden. 

Germany. Switzerland. 
Great Britain. South Australia, 
Greece. Tasmania. 
Hayti. Turkey. 
Japan. Venezuela. 
Mexico. Victoria. 
Netherlands. Wirtemberg. 

England also received box M, withheld from last year’s sending. 
For the Government of Italy 13 boxes (A to N) are ready and awaiting orders for shipment. 

ESTABLISHMENTS DESIGNATED FOR THE RECEPTION OF GOVERNMENT EXCHANGES, 

Countries. Establishments. 

Argentine Confederation ......---------- Government, Buenos Ayres. 
IP ELOMUTN eoee cece cece beet culbeiesie ccs Commission Belge d’Echanges Internationanx, Brussels. 
LIA oode sesanacaoedue doooRopcaUeSeEee Government, Rio Janeiro. 
NBTEONOSAGTOS coe aclelclate oie/e/nis\eielal~icisie'='= <==" Government, Buenos Ayres. 
(Chiniiley oo posofpopecnnpanccecoospaboneDEe Parliamentary Library, Ottawa. 

Ontario’ secicc Leite decasebeceslccsalec Legislative Library, ‘Toronto. 
Chile roo. eee one n nnn n eoen-n=-<---=- Government, Santiago. 
TW SRE fe peg cb otioceuceooospdbob aose00006 Royal Library, Copenhagen. 
IBRD) Saacon SoocondogoonHHOocsbsoonenoES Commission Frangaise des Echanges Internationaux, Paris. 
Germany ose cise sealer ai=i=/aia> <\elwlaeinisiel= Reichstags Bibliothek, Berlin. 

BAVATIS pews ease owas wasomice sae aemsls Royal Library, Munchen. 
IPN) cog nao SOOO S eee eH ODO COURS CODS Royal Library, Berlin. 
BEDI oo 56 bu so ce OCH enOuecooDECconSe Royal Library, Dresden. 
WAL OMID ONO ee case aeeetie cee eaelaclelsi= Royal Library, Stuttgart. 

Greatupritainr vee a ene, ee a British Museum, London. 
(GRREECO) a deoccnaneucoeUcoeencoe cusceodase Government, Athens. 
1B EIT ocean dconooedeceossostboopesocs sade Sécrétaire d’Btat des Relations Extérieures, Port-au-Prince. 
Va asseesebstossuosebycsecsedsacesocas Ministére des Affaires Etrangéres, Tokio. 
WIGSS(OD) soscod baaece coOd OSCE COOCSEDOODonDS Government, Mexico. 
ENG Gh ern ain Stes setae teen elelielerencietatalereie =i Royal Library. The Hague. 
New South Wales ..-...............-.-- Royal Society of New South Wales, Sydney. 
Nie wa Cnlan dite clecloeclincciiniclesnineeis = -i=|1= Parliamentary Library, Wellington. 
ISIMEW EN ssoniosasceeconends sor ssondosasass K. Norske Fredericks Universitet, Christiania. 
leo aREeE . Se 56 cepsnooudDUDoopdamnoeeEeor Government, Lisbon. 
Misenuslandisesseristseneetiae=aciscreccr r= Government, Brisbane. 
SPEND 6 cpecocmsNoUase noo gOsn onaasogsOr eno Government, Madrid. 
SWOUENEAEERE oe ie cteeeciosisteoamicrescioeeein Government, Stockholm, 
SiwaliizenlinnGl 5. SesccoasauonsabouucoocuueSe 3undes Kanzlei, Bern. 
HOUUDPAUStraliaieaccecstececcccelceei- =e Government, Adelaide. 
ERASMANIA ee te nenion cele ceisiciasinis Sslos acces Parliamentary Library, Hobarton. 
pe KO Vere enreae cis cicisie me stad claleisisisteic’si= ara=' Government, Constantinople. 
Venez ilel ate ee meee eae ckeecwnccccmcs Government, Caracas. 
AVEI CLOT ape oe eee tee eee cise cininisis osisrelsines Public Library, Melbourne. 

RECAPITULATION. 

See inevnaineee ¢ SEE Redes os eT ee ee ee 

eee eee 

Parcels. | Parcels. 

RECEIVED. 

AeeeHon home cisiributlONe-cecescct sess s-cssrels sess scemee Bloom soicte cine eee ce eis 6,.670 

2° HOS distribution abroad Mosca Reeeeeeeeee Re eed Se SAE a oe eeocceewes a as 2 

3 ProxcGhane Quesee sme esos eee en coca maces cna ceccee = cecicneannl~- 5; ‘or government exchange aie 36, 045 

DISTRIBUTED. 
1. Smithsonian exchanges: 

To establishments abroad, 233 boxes ...-...-----ecececennc- sane cece ene ee eee: 10, 384 

To home institutions and individuals ........----..-------------+-----2202"*° 5, 587 

2. Government exchanges : 
To poveuiuents abroad, 35 boxes (N), containing 187 documents each......- 6, 545 

To Library of Congress, 2 copies each of 304 sets of documents ....---------- 608 Sey 

S. Mis. 31——7 
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LIST OF PERIODICALS RECEIVED BY THE SMITHSONIAN 

INSTITUTION. 

The following is a list of the Periodicals received by the Smithsonian 

Institution (exclusive of the Transactions of learned Societies), a large 

portion of them being presented by the publishers in exchange for the 

Annual Reports or other publications : 

Aborigines’ Friend. London, England. Ir. 

Academy. London, England. Weekly. 

Aéronaute. Paris, France. Monthly. 

Allgemeine Bibliographie. Leipsic, Saxony. Monthly. 

American Architect and Building News. Boston, Mass. Weekly. 
American Bookseller. New York, N.Y. Weekly. 

American Chemical Journal. Baltimore, Md. Monthly. 

American Gas Light Journal. New York, N. Y. Semi-monthly. 

American Journal of Insanity. Utica, N. Y. Quarterly. 

American Journal of Mathematics, Pure and Applied. Baltimore, Md. 

Quarterly. 

American Journal of Otology. New York. Quarterly. 

American Journal of Pharmacy. Philadelphia, Pa. Monthly. 

American Journal of Science. New Haven, Conn. Monthly. 

American Manufacturer and Iron World. Pittsburgh and Philadelphia, 
Pa. Weekly. 

American Monthly Microscopical Journal. New York, N. Y. Monthly. 

American Naturalist. Philadelphia, Pa. Monthly. 

Anales de la Asociavion Larrey. Mexico. Iv. . 

Anales de la Real Academia de Ciencias Médicas, Fisicas y Naturales 

de la Habana. Havana, Cuba. Monthly. 

Anales del Museo Nacional de México. Mexico. It. 

Analyst. Des Moines, lowa. Monthly. 

Annales et Bulletin de la Société de Médecine de Gand. Ghent, Bel- 
gium. Monthly. 

Annales des Mines. Paris, France., Bi-monthly. 

Annales des Ponts et Chaussées. Paris, France. Monthly. 
Annales de la Société d’Horticulture de VAllier. Moulins, France. Ir. 

Annals and Magazine of Natural History. London, England. Monthly. 

Annals of the New York Academy of Sciences. New York, N. Y. Ir. 

Annuaire de la Société Météorologique de France. Paris, France. Ir. 
Antiquary. London. Monthly. 

Arbeiterfreund (Der). Berlin, Prussia. Bi-monthly. 

Archeological Journal. London, England. Quarterly. 

Archiv der Mathematik und Physik. Leipsic, Saxony. Bi-monthly. 
Archiv der Pharmacie. Halle a. d. Saale, Prussia. Monthly. 
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Archiv des Historischen Vereins von Unterfranken und Aschaffenburg. 

Wiirzburg. Bavaria. Iv. 

Archiv fiir Anatomie and Physiologie. Leipsic, Saxony. Bi-monthly. 

Archiv fiir Naturgeschichte. Berlin, Prussia. Iv. 

Archiv fiir Pathologische Anatomie, und fiir Klinische Medicin. Ber- 

lin, Prussia. Monthly. 

Archives Néerlandaises des Sciences Exactes et Naturelles. The Hague, 

Holland. Ir. 

Archivio per ? Antropologia ela Etnologia. Florence, Italy. Quarterly. 

Art Dentaire. Paris, France. Monthly. 

Atheneum. London, England. Weekly. 

Atheneum Belge. Brussels, Belgium. 

Atlanta Republican. Atlanta, Georgia. Weekly. 

Atti del? Accademia Pontifica. Rome, Italy. Ir. 

Atti della Societa di Acclimazione e di Agricoltura in Sicilia. Palermo, 

Italy. Monthly. 

Auxiliador da Industria Nacional. Rio de Janeiro, Brazil. Monthly. 

Bayerisches Industrie- und Gewerbe-Blatt. Munich, Bavaria.  Bi- 

monthly. 

Beitriige zur Statistik Mecklenburgs. Mecklenburg-Schwerin, Ger- 

many. Ir. 

Berliner Entomologische Zeitschrift. Berlin, Prussia. Ir. 

Boletin de la Sociedad de Geografia de Madrid. Madrid, Spain. Iv. 

Boletin dela Sociedad Mexicana de Geografia y Estadistica. Mexico. Ir. 

Bolletino. R. Comitato Geologico d’ Italia. Rome, Italy. Monthly. 

Bolletino della Societaé Adriatica di Scienze Naturali. Trieste, Aus- 

iia. ir: 

Bolletino della Societaé Geografica Italiana. Rome, Italy. Monthly. 

British Journal of Photography. London, England. Weekly. 

Bulletin de PAcadémie Impériale des Sciences de St. Pétersbourg. St. 

Petersburg, Russia. Ir. 

Bulletin de ?Académie de Médecine. Paris, France. Weekly. 

Bulletin of the American Geographical Society. New York. Ir. 

Bulletin of the Brooklyn Entomological Society. Brooklyn, N. Y. 

Monthly. 

Bulletin du Canal Interocéanique. Paris, France. Bi-weekly. 

Bulletin of the Essex Institute. Salem, Mass. Quarterly. 

Bulletin Hebdomadaire de Association Scientifique de France. Paris, 

France. Weekly. 

Bulletin Météorologique du Nord. Copenhagen, Denmark. Monthly. 

Bulletin of the Nuttall Ornithological Club. Cambridge, Mass. Quar- 

terly. 

Bulletin de la Société @Acclimatation. Paris, France. Monthly. 

Bulletin de la Société @Apiculture de la Gironde. Bordeaux, France. 

Monthly. 
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Bulletin de la Société d’ Agriculture, Industrie, Science et Arts du Dé- 

partement de la Lozére. Mende, France. Monthly. 

Bulletin de la Société @Agriculture, Science et Arts. Poligny, I’rance. 

Monthly. 

Bulletin de la Société d@’Agriculture, Sciences et Arts de la Sarthe. Le 

Mans, France. Ir. 

Bulletin de la Société d’Anthropologie de Paris. Paris, France. Iv. 

Bulletin de la Société Archéologique de Béziers. Béziers, France. Ir. 

Bulletin de la Société Archéologique de V’Orléanais. Orleans, France. 

ie: 

Bulletin de la Société Centrale d’Agriculture et des Comices Agricoles. 

Montpellier, France. Ir. 

Bulletin de la Société Géologique de France. Paris, France. Ir. 

Bulletin de la Société de Géographie. Paris, France. Monthly. 

Bulletin de la Société Impériale des Naturalistes de Moscou. Moscow, 

Russia. Quarterly. 

Bulletin de la Société Industrielle de Mulhouse. Miihlhausen, Alsace. 

Monthly. 

Bulletin de la Société Minéralogique de France. Paris. 

Bulletin de la Société Philomathique de Paris. Paris, France. Bi- 

monthly. 

Bulletin de la Société des Sciences Naturelles de Neuchatel. Neuf- 

chatel, Switzerland. Ir. 
Bulletin de la Société Vaudoise des Sciences Naturelles. Lausanne, 

Switzerland. Ir. 
Bulletino della Societa Entomologica Italiana. Florence, Italy. Monthly. 

Bulletino della R. Societa Toscana di Orticoltura. Florence, Italy. 

Monthly. 

Byron. Athens, Greece. Monthly. 

Canadian Antiquarian and Numismatic Chronicle. Montreal, Canada. 

Quarterly. 

Canadian Entomologist. Toronto, Canada. Monthly. 
Canadian Journal of Science, Literature, and History. Toronto, Can- 

ada. Quarterly. 

Canadian Naturalist and Geologist. Montreal, Canada. Bi-monthly. 
Chemical News. London, England. Weekly. 

Chemist and Druggist. London, England. Monthly. 

Chicago Field. Chicago, Ul. Weekly. 

Cincinnati Lancet and Clinic. Ohio. Weekly. 

Cincinnati Medical Advanee. Cincinnati, Ohio. Monthly. 

Comet. Jackson, Miss. Weekly. 
Jongressional Record. Washington, D.C. Daily. 

Contemporary Review. (Am. reprint.) New York, N. Y. Monthly. 

Cosmos. Turin, Italy. Monthly. 

Cultivator and Country Gentleman. Albany, N. Y. Weekly. 
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Deutsche Industrie-Zeitung. Chemnitz, Saxony. Weekly. 

Deutsche Rundschau fiir Geographie und Statistik. Vienna, Austria. 
Monthly. 

Deutsche Vierteljahbrschrift fiir Zahnheilkunde. Leipsic, Saxony. 

Quarterly. 

Eclectic Medical Journal. Cincinnati, Ohio. Monthly. 
Emulation Jurassienne. Porentruy, Switzerland. Monthly. 
Endowment Journal. Washington, D.C. Monthly. 

Engineering and Mining Journal. New York. Weekly. 

English Mechanic. London, England. Weekly. 

Entomologisk Tidskrift. Stockholm, Sweden. Quarterly. 

Erdelyi Muzeum. Klausenburg. Hungary. Monthly. 

Essex Institute Historical Collection. Salem, Mass. Quarterly. 

Evening Critic. Washington, D.C. Daily. 

Evening Star. Washington, D.C. Daily. 

Field. London. 
Fishing Gazette. London. Weekly. 

Foreign Missionary. New York, N. Y. Monthly. 

Forest and Stream. New York, N.Y. Weekly. 

Gaceta Cientifica de Venezuela. Caracas, Venezuela. Ir. 

Gaceta Medica. Mexico. Monthly. 

Gartenfreund. Vienna, Austria. Monthly. 

Giornale della R. Accademia di Medicina di Torino. Turin, Italy. Ir. 
Giornale Agrario Italiano. Forli, Italy. Bi-weekly: 

Giornale ed Atti della Societa di Acclimazione e di A gricoltura in Sicilia. 

Palermo, Sicily. 

Graphic. New York. Daily. 
Guide du Naturaliste. Paris, France. Bi-weekly. 

Harper’s New Monthly Magazine. New York, N. Y. Monthly. 

Harper’s Weekly. New York. Weekly. 

Herald of Peace. London, England. 

Historical Collections of the Essex Institute. Salem, Mass. Quarterly. 

Ibis, a Magazine of General ‘Ornithology. London, England, Quar- 

terly. 

Internationale Freundschafts- & Handels-Beziehungen mit Siidamerika, 

Nordamerika, Australasien, Indien, China, Japan, ete. Vienna, Aus- 

tria. Weekly. 

Inter-Ocean. Chicago, Ill. Daily. 
Investigateur. Paris, France. Monthly. 
Irrenfreund. Heilbronn, Wiirtemberg. Monthly. 

Italia Agricola. Milan, Italy. Bi-Weekly. 

Jahrbiicher fiir die Deutsche Armee und Marine. Berlin, Prussia. 

Monthly. 
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Jahrbuch der K. K. Geologischen Reichsanstalt. Vienna, Austria. 

Quarterly. 

Jenaische Zeitschrift fiir Medicin und Naturwissenschaft. Jena, Saxe- 

Weimar. Ir. 

Journal of Academy of Natural Sciences of Philadelphia. Philadel- 

phia, Pa. Quarterly. 
Journal of the Agricultural and Horticultural Society of India. Calcutta, 

India. Ir. 

Journal of the Royal Agricultural Society of England. London, Eng- 

land. Half-yearly. 
Journal of the Anthropological Institute of Great Britain and Ireland. 

London, England. Quarterly. 

Journal of Applied Sciences. London, England. Monthly. 

Journal of the Asiatic Society of Bengal. Calcutta, India. Quarterly. 

Journal of the Royal Asiatic Society of Great Britain and Ireland. Lon- 

don, England. Quarterly. 

Journal [formerly Archives] of Comparative Medicine and Surgery. 

New York, N. Y. Quarterly. 

Journal of Conchology. Leeds, England. Quarterly. 

Journal of the Royal Dublin Society. Dublin, Ireland. Ir. 

Journal of Education. Quebec, Canada. Monthly. 
Journal of Education. Toronto, Canada. Monthly. 

Journal of the Franklin Institute. Philadelphia, Pa. Monthly. 

Journal Général de ’Instruction Publique. Paris, France. Weekly. 
Journal of the Royal Geological Society of Ireland. Dublin, Ireland. Iv. 

Journal of the Royal Historical and Archeological Association of Ire- 

land. Kilkenny, Ireland. Quarterly. 

Journal d’Hygiéne. Paris, France. Weekly. 
Journal of the Institute of Actuaries. London, England. Quarterly. 

Journal de Instruction Publique. Montreal, Canada. Monthly. 

Journal fiir Landwirthschaft. Celle,Germany. Quarterly. 
Journal Mensuel des Travaux de Académie Nationale, Agricole, ete. 

Paris, France. Monthly. 

Journal of the Royal Microscopical Society. London, England. Bi- 
monthly. 

Journal of Nervous and Mental Diseases. Chicago, Ill. Quarterly. 
Journal and Transactions of the Photographic Society of Great Britain. 

London, England. Monthly. 

Journal of the Proceedings of the Linnean Society of London. London, 

England. Ir. 

Journal des Savants. Paris, France. Monthly. 
Journal of Science. Chicago, Hl. Monthly. 
Journal of the Scottish Meteorological Society. Edinburgh, Scotland. 

ir: 
Journal of the Statistical Society. London, England. Quarterly. 

Journal dela Societé Centrale @’Horticulture. Paris, France. Monthly. 
Journal of the Society of Arts. London, England. Weekly. 
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Kansas City Review of Science and Industry. Kansas City, Mo. Monthly. 
Kunst im Gewerbe. Hanover, Prussia. Bi-monthly. 

Land and Water. London, England. Weekly. 
Landwirthschaftliche Jahrbiicher. Berlin, Prussia. Bi-monthly. 
Land- u. Forstwirthschaft. Zeitung der Provinz Preussen. Kdénigs- 

berg, Prussia. Weekly. 
Life-Boat. London, England. Quarterly. 
Live-Stock Journal. London, England. 

London, Edinburgh and Dublin Philosophical Magazine, ete. London, 

England. Monthly. 

London Illustrated News. London, England. Weekly. 
La Lumiére Electrique. Paris, France. Monthly. 

Madras Journal of Literature and Science. Madras, India. Ir. 

Magazin fiir die Literatur des Auslandes. Berlin. Weekly. 

Manual of Conchology. Philadelphia. Quarterly. 

Maryland Farmer. Baltimore, Md. Monthly. 

Matériaux pour Histoire primitive et naturelle de (Homme. Toulouse, 
France. Monthly. 

Medical Advance. Cincinnati, Ohio. Monthly. 

Medical and Surgical Reporter. Philadelphia, Pa. Weekly. 

Medical Times. London. Weekly. 

Memorabilien. Heilbronn, Wiirtemberg. Monthly. 
Memorie della Societa degli Spettroscopisti Italiani. Palermo, Italy. 

Monthly. ; 

Mémoires d’Entomologie. The Hague, Netherlands. 

Messager Agricole. Montpellier, France. Monthly. 

Messager Franco-Américain. New York, N. Y. Daily. 

Messenger of Peace. New Vienna, Ohio. Monthly. 

Meteorologische Beobachtungen. Zurich, Switzerland. Ir. 

Meteorological Observations made at the Government Observatory, 

Sydney, New South Wales. Monthly. 

Midland Naturalist. Birmingham, England. Monthly. 

Mineralogical Magazine. Truro, England. Quarterly. 

Mining Record. New York. Weekly. 

Mittheilungen der Anthropologischen Gesellschaft. Vienna, Austria. 

ir: 

Mittheilungen aus dem Gebiete des Seewesens. Pola, Austria. Iv. 

Mittheilungen der K. K. Geographischen Gesellschaft. Vienna, Aus- 

tria. Monthly. 

Mittheilungen aus Justus Perthes Geographischer Anstalt. Gotha, 

Saxe-Koburg-Gotha. Monthly. 
Mittheilungen des K. K. Oesterr. Museum fiir Kunst u. Industrie. 

Vienna, Austria. Ir. 
Mittheilungen der Schweizerischen Entomologischen Gesellschaft. 

Schaffhausen, Switzerland. Monthly. 
\ 
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Mittheilungen des Vereins fiir Hamburgische Geschichte. Hamburg, 
Germany. It. 

Monatsbericht der K6énig]. Preuss. Akad. der Wissenschaften zu Berlin. 

Berlin, Prussia. Monthly. 
Monthly Index. New York. Weekly. 

Monthly Record of the Five Points House of Industry. New York, N. Y. 

Monthly. 

Morphologisches Jahrbuch. Leipsic, Saxony. Quarterly. 

Nation. New York. Weekly. 

National Republican. Washington, D.C. Daily. 

Naturaliste Canadien. Cap Rouge, Quebec, Canada. Monthly. 

Nature. London, England. Weekly. 

Naturaleza. Mexico. It. 

- Naturforscher. Berlin, Prussia. Weekly. 

Naturhistorisk Tidskrift. Copenhagen, Denmark. Iv. 

Neue Deutsche Gewerbe-Zeitung. Leipsic, Saxony. Bi-monthly. 

New England Historical and Genealogical Register. Boston, Mass. 

Quarterly. 

New York Medical Eclectic. New York, N. Y. Monthly. 

New York Tribune. New York, N. Y. Daily. 

Nineteenth Century. (American reprint.) New York, N. Y. Monthly. 

Nordisk Tidskrift for Filologie. Copenhagen, Denmark. 

North American Review. New York. Monthly. 

Northwestern Trade Bulletin. Milwaukee, Wis. Weekly. 

Notizblatt des Deutschen Vereins fiir Fabrication von Ziegel, Thon- 
waaren, Kalk und Cement. Berlin, Prussia. Quarterly. 

Nouvelles Météorologiques. Paris, France. Ir. 

Numismatic Chronicle and Journal of the Numismatic Society. London, 
England. Quarterly. 

Nuovo Giornale Botanico Italiano. Pisa, Italy. Quarterly. 

Nyt Magazin fiir Naturvidenskabernes. Christiania, Norway. Quar- 

terly.° 

Observatory. London, England. Monthly. 
Oesterr-Ungar. Fischerei-Zeitung. Vienna, Austria. Weekly. 

Oesterreichisch - Ungarische Sparkassen-Zeitung. Vienna, Austria. 
Weekly. 

Our Dumb Animals. Boston, Mass. Monthly. 

Penn Monthly Magazine. Philadelphia, Pa. Monthly. 

Pharmaceutical Journal and Transactions. London, England. Monthly. 

Pharmacist. Chicago, Ill. Monthly. 

Philadelphia University Journal of Medicine and Surgery. Philadel- 

phia, Pa. Monthly. 

Photographische Correspondenz. Vienna, Austria. Monthly. 

Popular Science Monthly. New York. Monthly. 

Popular Science Review. London. Quarterly. 
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Prairie Farmer. Chicago, Il. Weekly. 

Psyche. Cambridge, Mass. Monthly. 

Public Ledger. Philadelphia, Pa. Daily. 

Pubblicazioni del Circolo Geografico Italiano. Turin, Italy. Bi-monthly. 

Publishers’ and Stationers’ Weekly Trade Circular. New York, N. Y. 
Weekly. 

Publishers’ Weekly. New York. Weekly. 

Puck. New York, N. Y. Weekly. 

Quarterly Journal of the Chemical Society. London, England. Monthly. 

Quarterly Journal of the Geological Society of London. London, Eng. 

Quarterly Journal of the Meteorological Society. London, England. 

Quarterly Weather Report of Meteorological Office. London, England. 

Reading Times and Dispatch. Reading, Pa. Daily. 

Republic. Washington. Weekly. 

Revue Agricole, Industrielle, Littéraire et Artistique. Valenciennes, 
France. Monthly. 

Revue Géographique Internationale. Paris, France. Monthly. 

Revue Maritime et Coloniale. Paris, France. Monthly. 
Revue Médicale de Toulouse. Toulouse, France. Monthly. 
Revue Politique et Littéraire. Paris, France. Weekly. 

Revue Savoisienne. Annecy, France. Monthly. 

Revue Scientifique de la France et de ’Etranger. Paris, France. 

Weekly. 

Revista de la Arquitectura. Madrid, Spain. Monthly. 

Revista Cientifica Mexicana. Mexico. Monthly. 

Revista General de Comunicaciones. Havana, Cuba. Monthly. 

Royal Astronomical Society. London, England. Monthly notices. 

Sanitarian. New York. Monthly. 

Schulzeitung fiir die Herzogthiimer Schleswig-Holstein und Lauenburg. 

Kiel, Prussia. Weekly. 

Science Gossip. Loudon. Monthly. 

Science Observer. Boston, Mass. Monthly. 
Scientific American. New York, N. Y. Weekly. 
Scientific American Supplement. New York. Weekly. 

Scottish Naturalist. Edinburgh, Scotland. Quarterly. 

Sitzungsberichte der Naturw. Gesellschaft Isis. Dresden, Saxony. 

Monthly. 

Société Centrale des Architectes. Paris, France. Monthly. 
Société Linnéenne du Nord de la France. Amiens, France. Monthly. 
Symons’s Monthly Meteorological Magazine. London, England. 

Monthly. 

Technische Blitter. Prague, Austria. Quarterly. 
Telegraph Journal. London. Weekly. 

Tijdschrift voor Entomologie. Leiden, Holland. I. 
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Tidsskrift for Populere Fremstillinger af Naturvidenskabern. Copen- 

hagen, Denmark. Ir. 

Tidsskrift for Veterinairer. Copenhagen, Denmark. Quarterly. 

Ungarische Revue. Vienna, Austria. Ir. 

Urania. Dublin, Ireland. Monthly. 

Vereinigte Frauendorfer Blitter. Passau, Bavaria. Weekly. 

Vierteljahrschrift der Astronomischen Gesellschaft. Leipsic, Saxony. 

Quarterly. 

Vierteljahrsechrift der Naturforschenden Gesellschaft in Ziirich. Zurich, 

Switzerland. Quarterly. 

Volksvligt, Tijdschrift voor Nijverheid, Landbow, Handelen Scheepvaart. 

Amsterdam, Holland. Monthly. 

Washington Post. Washington, D.C. Daily. 

Washington Sentinel. Washington, D.C. Weekly. 
Wiener Illustrirte Garten-Zeitung. Vienna, Austria. Monthly. 

Wochenschrift des Oesterreichischen Ingenieur- und Architecten-Verei- 

nes. Vienna, Austria. Weekly. - 

Wochenschrift des Vereines Deutscher Ingenieure. Berlin, Prussia. 
Weekly. 

Zeitschrift des Architecten- und Ingenieur-Vereins fiir das Konigreich 

Hannover. Hanover, Prussia. Quarterly. 

Zeitschrift der Deutschen Geologischen Gesellschaft. Berlin, Prussia. 
Quarterly. 

Zeitschrift der Deutschen Morgenlindischen Gesellschaft. Leipsic, 
Saxony. Quarterly. 

Zeitschrift des Oesterreichischen Ingenieur-und Architekten Vereins. 

Vienna, Austria. Monthly. 

Zeitschrift des Vereines Deutscher Ingenieure. Berlin, Prussia. Monthly. 

Zhurnal Russkago Khimitsheskago Obschestva. St. Petersburg, Rus- 

sia. Ir. 

Zoologische Garten. Organ der Zoologischen Gesellschaft. Frank- 

fort on the Main, Prussia. Monthly. 

Zoologist. London, England. Monthly. 
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RULES FOR THE EXAMINATION OF SPECIMENS SUBMITTED 
TO THE SMITHSONIAN INSTITUTION. 

1. Qualitative examinations—that is, for determining the constituents 

of the specimens—are made without charge. 

2. Quantitative examinations, or the determination of the percentage of 

the different components of the specimens, can only be made at the 

expense of the applicant; the charge to be in proportion to the time 

expended in the work, e. g., from $5 to $50, according to whether it is 
partial (determination of silver, lead, or iron, &c., only) or full (deter- 
mination of everything). 

3. The report of quantitative examinations will be given under the 

name of the expert to whom the specimens shall be submitted, and not 
under that of the Smithsonian Institution. 

4, All applications for the determination of specimens must be made 

by letter, addressed ‘‘Secretary of the Smithsonian Institution.” 

5. The specimens examined, or a part of them, will be retained by the 
Institution. 

6. All specimens to be delivered to the Institution free of expense. 

SPENCER F. BAIRD, 

Secretary Smithsonian Institution. 

REPORT OF FRED. W. TAYLOR, 

Chemist of the Smithsonian Institution. 

The present chemist entered upon his duties the latter part of Janu- 

ary, 1880, taking charge of the laboratory and mineralogical department 

during the absence of Dr. Endlich, and has continued to perform the 
duties of his office since that time. The laboratory was found to be in 

comparatively good order, though the stock of apparatus and chemicals 

was extremely limited. By slow additions the stock of both has been 

largely increased, until now the laboratory may be said to be compara- 

tively well supplied for all branches of inorganic work. As yet no pro- 

vision has been made for organic work, and no such work has been 
attempted, as, in addition to the lack of apparatus, the arrangement 

and fitting of the laboratory render such work almost impossible. As 

stated in the last annual report, the work of the laboratory consists 
in the determination of various minerals sent in to the Institution 

for identification, and in the investigation of such questions as may be 

referred to it by the departments. No other work is attempted by the 

Institution, though the chemist is kindly permitted to undertake other 

work on his own account. Since February 1, 1880, the chemist has made 
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about one hundred and twenty qualitative reports to the Institution on 

specimens received, identifying nearly three times that number of spe- 

cimens; also some fifteen quantitative reports. He regrets, however, 

that nearly ninety per cent. of the specimens received by the Institu- 

tion are entirely worthless, owing to the small size of specimens, and to 

the partiality of senders to the sulphide of iron (Pyrite) and to the sul- 

phide of iron and copper (Chaleopyrite). This unfortunate fact has 

prevented the chemist from making any considerable addition to the 

collection, or to the supply of duplicates. The cases in the mineral hall 

have, however, been refitted and put in order without change in the- 

system followed by Dr. Endlich, and the few valuable specimens that 

have been received, where space would not permit their exhibition, have 

been temporarily stored in the drawers under the cases. Among the 

specimens of value received may be mentioned specimens of amalgam, 

crude bullion, and fine silver from Montana, received from Mr. Thos. Don- 

aldson; a small but handsome collection of minerals from Mr. Geo. F. 

Kunz, of New York; some fine specimens of native copper, contributed 

by Dr. Reynolds; and a large number of specimens of the gold and silver 

ores of the West, from the surveyors-general of the Western States. Here 

let me enter a respectful protest against the method of collecting these 

specimens. I should not say method, however, as my protest is against 

the apparent want of any method or system whatever. As received the 

specimens are of every size and shape, from a mere chip to a piece of 

three inches cube, some labeled or numbered, some not. I would sug- 

gest that each contributor of such specimens be requested to send pieces 

of something like the same size, say 4” x 6” x 2”; that each specimen 

be sent in duplicate, and that in all cases an invoice of specimens be 

sent both with the letter of transmittal and also inclosed with the spe- 

cimens. We would then have a fair collection of these ores instead of 

the present supply of chips, many of them broken from the weathered 

outerop of the ledge or vein which they are intended to represent. 

Another collection received has been one of the gold, silver, and copper 

ores of Alaska, from Com. L. A. Beardslee; a collection of iron, lead, 
and copper ores of South Africa, from Mr. Geo. D. Sidman. Mr. F. A. 

Lowe has contributed a fine specimen of Ammikite and one of Huntilite, 

the two new silver islet minerals, the first containing eighty per cent. of 

silver, also a small specimen of Macfarlanite. Though the chemist has 

not as yet completed any sets of duplicates for distribution, he has sent 

off several sets that were packed by Dr. Endlich, and has under way 

some fifteen or twenty more sets for that purpose. 

These sets will contain not only minerals, but also a certain number 

of lithological and geological specimens, the aim being to furnish a set 

of characteristic minerals and ores for class teaching. Among the ques- 

tions referred to the Institution by the departments was that of the 

utility of the Tichnor process for the extraction of gold from its ores, 

referred by the Patent Office. This investigation was a most tedious 
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and laborious one, involving many weighings of a deliquescent sub- 

stance, which had to be done with the greatest rapidity, and at the 
same time with accuracy; also the making of some fifty careful assays, 

giving the chemist nearly a month of hard and dirty work. Another 
question referred to the chemist through Mr. Rhees, of the Institution, 
was the character of the coloring matter used on the small squares of 

paper given to the children in the Kindergarten schools of the District 

and elsewhere. This paper is a thin paper, colored and glazed on one 

side (in most cases), cut into five-inch squares, and is given to the chil- 
dren to cut up and fashion into various patterns. 

The chemist regrets that he has not been able to find time to make 

more than a brief qualitative examination of the subject. Eighteen 

samples of paper were tested for arsenic, and out of that number six 

samples were found to contain a large amount of arsenic in different 

forms, probably the most dangerous being a bright green paper, the 

coloring matter being the brilliant but deadly Scheele’s green. The 

other colors found to contain arsenic were purple, solferino, navy blue, 

- carmine red, and vermillion red. Another investigation undertaken by 

the chemist for prominent private parties was a thorough testing of the 

so-called Robertson electric process for the reduction of gold ores. This 

process, like the Tichnor, is utterly at variance with accepted ideas of 

chemists and metallurgists, and the investigation showed similar results 

to the Tichnor in proving it of little value. In addition to these inves- 

tigations the chemist has undertaken numerous analyses and assays for 

private parties of no particular chemical interest. The time of the chem- 

ist has of late been entirely occupied in overhauling and recording the 

vast amount of reserve material stored in the Institution, the object 

being to make a complete record of duplicates and reserves and to elimi- 

nate all worthless material and make room for new contributions. 

° 
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ADDITIONS TO THE COLLECTIONS OF THE NATIONAL 

. MUSEUM IN 1880.* 

Abbey and Imbrie. <A large collection of fishing-tackle (purchased). 
B. E. 

Acton, H. B. (through Miss Foster). A fossil shell; from Mexico. 

Adams, W. H. A small box of fossils; from Iinois. 
Adkins, G. B.A living land-tortoise (Cistudo clausa); from Virginia. 
Agarsbury, G.S. A hawk (Buteo swainsoni). 

Alaska Commercial Company, San Francisco, Cal. Two skeletons of pup 
seals; from Alaska. 

Aldrich, C. B. A small collection of Indian implements; from Iowa. 
Allen, C. A. Specimens of birds ; from California. 
Allen, Walter. Specimens of rock; from Maryland. 

Anderson, W.A., and H. (C. Harrison. A specimen of leather-back 
turtle (Sphargis coriacea); from York River, Virginia. 

Andross, William W. <A stone ax; from Connecticut. 
Angus, J. Specimens of mineral; from North Carolina. 

Atkins, Charles G. Samples of salmon-hatching trays and frames used 

at Bucksport, Me.; and a model of fishway, at Bangor, Me. 

Atkinson, Edward. Samples of silk-weaving from the Glasgow Indus- 

trial School. 

Atwood, Capt. N. EZ. Samples of cod-liver oil; from Provincetown, Mass, 
Babcock, Dr. S. EB. (through Charles Rau). Samples of mica; from Ches- 

ter County, 8. C. 

Barker, Henry L. Specimens of living snakes (Coluber), and turtles 
(Pseudemys scabra) ; from South Carolina. : 

Ballou, J. N. Specimen of mineral; from North Carolina. 
Banta, W. V. Specimen of Indian pottery; from Iowa. 
Barbour, John 8. (through John T. Harris). Sample of coal; from Vir- 

ginia. 

Barnett, G. W. Specimens of mineral; from Texas. 

Barry, J. Thomas. Specimens of mountain blacksnake (Coluber obso- 
letus); from Maryland. 

Bartlett, J. H., & Sons, New Bedford, Mass. Samples of whale oils and 
bone. 

Bassett, Wm. H. Spawn of scup; from New Bedford, Mass. 

Bateman, J. F. Specimen of salamander ; from Maryland. 
Beach, M.S. Specimen of mineral; from Wisconsin. 

Bean, Capt. J. W. A young Crotaphytus ; from New Mexico. 

Bean, Dr. T. H. Specimens of fish (Centrarchus, Pomoxys, Chanobryt- 

tus, &c., de.); from North Carolina. Specimens of shad from the Po- 

*NotTs.—Contributions made through the United States Commission of Fish and 

Fisheries may be found in the list of additions under Washington, D. C. 



APPENDIX TO THE REPORT OF THE SECRETARY. gD 

tomac River. Carpet-loom and appurtenances used in 1819. (See, also, 

Washington, United States Commission Fish and Fisheries.) Very 
large general collections of natural history and ethnology, from 

Alaska and the Arctic Ocean. (See, also, Dall.) 

Beard and Thomas. Two photographs of jaw of mastodon, found in 

Nebraska. ; 

Beardslee, Commander L. A., U. 8S. N. Specimens of minerals, corals, 
fishes, birds, and ethnologica; from Alaska. 

Beardsley’s (J. W.) Sons, New York. Seven cases of canned and boxed 
fishes. ; 

Beckwith, H. C., Acting Assistant Engineer, U. S. N. Specimens of cre- 
taceous fossils ; from Colorado. 

Belding, L. A large number of specimens of the skins, nests, and eggs 
of birds, living snakes, toads, &c., plants and Indian relics; from Cal- 
ifornia. 

Bell, James, United States Land Office. A large collection of living 

snakes, specimens of birds skins, nests, and eggs, Indian relics, and 
crania, from mounds, &¢c.; from Florida. 

- Bendire, Capt. Charles, U. S. A. Specimens of birds skins, nests, and 
eggs; grasshoppers and fishes; from Fort Walla Walla, Washing- 
ton Territory. 

Benecke, Lewis. Specimen of spider (Acrosoma rugosa, Hentz.) ; from 
Missouri. 

Benner, D. J. Specimens of cocoons of silk-worms and. silk; from South 
Carolina. 

Bennett, Richard. Specimens of minerals; from Arkansas. 

Berry, Mrs. Rk. P. Human skull; from Newport, R. I. 

Billings, Melvin. A box of Indian relics, pottery, &c.; from Kansas. 

Binney, W.G. <A large collection of terrestrial mollusea, identified and 
labeled, constituting his original collection and the types of his work. 

Birney, 1. H. A specimen of living snake (Leptophis cestivus); from 

Washington, D.C. 

Bishop, H. J. M. Specimens of invertebrates ; from Connecticut. 
Blackford, BH. G. A large number of specimens of fishes taken along 

the Atlantic coast of the United States, from Maine to Florida. 

Blosier, H. A specimen of tailor shad (Dorosoma cepediana); from Ohio. 

Boardman, George A. Male and female of Barrows’ golden-eye duck. 

Boehmer, George H. A deformed chicken, minerals, Indian stone ham- 

mer, snakes, and muskrat; from Maryland. 
Booth, A., Chicago, Ill. Five cases of preserved salmon and one case of 

oysters. 

Booth, M. A. Specimens of diatomaceous earths; from Long Island 

Sound. 
Boston (The) Humane Society, Boston, Mass. Box of charts, medals, &c., 

issued by the society. 
Borland, Dr. A. M. Four boxes of Indian implements and fossils; from 

Arkansas. 
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Bowie, Osborne. A living turtle (mys rugosa); from Virginia. 

Bowron, W. M. Specimens of Septa; from Virginia. 
Brackin, Alfred. Iron pyrites; from North Carolina, 

Bradfield, H. I. Specimen of silicified wood; from West Virginia. 

Bradford and Anthony, Boston, Mass. <A collection of fishing tackle. 

Brady, Rev. John (through W. H. Dall). Specimens of smelt (Osmerus 

pacificus); from Alaska. 

Braunstein, John A. J. Two grooved axes and a number of arrowheads; 

from Maryland. 

Breedon, Jacob. Photographs of Castoroides ohiensis. 
Brewer, Samuel. Specimens of mineral; from Virginia. 
Britton, W. A. Rock specimens; from Arkansas. 

Broadhead, Prof. G. Box of fossils; from Missouri. 

Broadus, A. Specimens of Pyrolusite; from Virginia. 

Brodhead, Ross B. Young living alligators; from Florida. 

Brock, R. A. Specimens of scoria from iron furnace. 
Brown, J. B. Specimens of locusts ; from Ohio. 
Brown, J. J. Specimens of Planorbis; from Wisconsin. 

Brown, N. C. Specimens of bird-skins; from Maine. 

Brown, 8S. C. Tank of alcoholic fishes, reptiles, &c.; from Western New 

York. 
Bryan, Oliver N. Specimens of fungi; from Maryland. 

Bryant, B. D., jr. Specimens of conglomerate; from Maine, 

Bullen, George W. Specimens of minerals; from Washington Territory. 

Bunn, Joseph. Scales of alligator-gar (Lepidosteus). 

Burns, Frank. Specimens of rock ; from Alabama. 
Burr, Dr. Rk. T., U. S. A. A collection of plants and insects, and alco- 

holic reptiles; from Arizona. 

Burtele, FE. A box of shells; from Alabama. 

Bush, Mrs. A. E. Specimens of California mosses. 

Busy, John H. Specimens of quartz; from Maryland. 

Butler, Amos W. A collection of Indian arrow- and spear-heads; from 

Illinois. 

Caldwell, S.D. Skin of bittern (PBotaurus lentiginosus); from District of 

Columbia. 1 
Call, Wilkinson, U. S. Senate. Specimens of copper ore; from New Mex- 

ico. 
Cambridge, Mass., Museum of Comparative Zoology, Prof. Alexander Agas- 

siz, Director. A collection of North and South American fishes. 

Campbell, Charles D. A grooved stone; from Ohio. 
Campbell, J. B. Two fossils; from California. 

Cannon, William. Clay pipe; from Florida. 

Carpenter, Charles. Specimen of sucker (Catostomus longirostris); from 

Lake Erie. 
Carpenter, C. A. Specimens of minerals; from Arizona. 

Caton, Judge J. D. Skull of Hydropotes inermis. 
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Chamberlain, M. Specimen of gull; from New Brunswick. 

Chambers, D. M. Specimen of snake (Storeria occipitomaculata); from 
New York. 

Chameuret, W. M. Specimens of iron ore; from Alabama. 

Chandlee, John F. Stone axe; from the Susquehanna river, Pennsyl- 
vania. 

Chandler, Capt. R., U. 8S. N. Specimen of crab; from the Samoan Is- 
lands. 

Chase, Edward A. Pair of scissors taken from stomach of cod. 

Chastain, J. T. Specimen of thread-herring (Opisthonema thrissa) ; from 
Georgia. 

Chester, H.C. Model of fishing boat. 
Choate, W. k. Skull of Indian chief. 
Christian, H. A. Mounted specimen of dab-chick (Podilymbus podiceps) ; 
from Ohio. 

Chubb, H. E. A mounted specimen of “ Kirtland warbler”; from Ohio. 
Churchill, J. H. A specimen of star-nosed mole; from New York. 

Cincinnati, Ohio, Cuvier Club. A collection of bird skins. 

Clark, Frank N. Box of fish-hatching apparatus, eggs of white-fish, 

and specimens of fish from Lake Michigan. 

Clark, Robert. Specimen of mole (Microsorex hoyi); from Colorado. 

Clarke, Samuel C. Specimens of insects; from Florida. 

Clarke, Walker. Two boxes of minerals; from New Mexico. 

Clayton, C. T. Skin of bird; from Maryland. 

Cleneay, Thomas. Box of stone implements; from Ohio, 

Coale, H. K. Collection of bird-skins, 45 species and 112 specimens. 
Cockerill, Stanard. Specimen of grass-snake (Cyclophis estivus). 

Cole, C. A. Two eases of “Trish” moss; from Massachusetts. 

Coleman, G. S. Specimen of rock; from Virginia. 

Collier, Carl (through L. Belding.) Indian stone tube; from California. 

Collins, G. H. Box of birds; from Fort Laramie, W. T. 

Colvan, E. Deformed catfish (Amiurus albidus); Potomac River. 

Conrad, L. Specimens of mineral; from Ohio. 

Conroy, Bissett & Malleson, New York City. Eight boxes of fishing rods, 

flies, and general camp outfit (purchased). 5B. E. 

Cook, Richard E. Specimens of iron-ore; from Alabama. 
Cookselle, Stanley. Ten specimens of arrow-heads. 

Cooper, George H. Ball of hair taken from stomach of cow, and two 

__ arrow-heads; from Virginia. 

| Copley, James D. Knife made from human bone; from Sullivan County, 

New York. 
Corker, Capt. S. M. (through C. C. Leslie). Specimens in alcohol of fish 

| and shells taken by the smack ‘HH. E. Thompson,” of Charleston, 8. C. 

Cornwall, Prof. A. R. Jaw of blackfish (Phocena americana). 

Corson, J. N. K., U. 8. A. Living tortoise (Testudo agassizii) and lizard 

 (Sceloporus) ; from California. 

| Seve oi=——8 
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Coues, Dr. Elliott, U. S. A. Specimens of mammals, birds, and bird’s 
nest and eggs. 

Cox, Capt. James V. Model of South Sea Island dug-out canoe. 

Crawford, Capt. E., U. S.A. Wighteen boxes of fossils; from Dakota. 

Cromwell, Capt. Levi. Head of sail-fish (Histiophorus americanus); from 

off Barnegat. 

Culler, Peter. Box of minerals; from Maryland. 

Dall, W. H. and T. H. Bean. Forty-seven boxes of general natural his- 
tory and ethnological collections; from Alaska. 

Damusure, Hdwin. Living black-snake (Lascanion constrictor). 

Daniel, F. V. Package of fossils; from Texas. 

Daniel, L. 8S. Specimen of mineral; from Texas. 
Darrow, J. W. Specimens of insects; from Kentucky. 
Davis, A. H. Specimens of insects; from Arizona. 

Davis, H. G., U. S. Senate. Specimens of minerals; from West Virginia. 
Davis, Joshua. Small box of stone implements; from Maryland. 

Dennison, H. W. Trout, weighing eleven pounds; from Rangeley Lake, 

Me. (Purchased.) 

Dent, J. P. Specimens of minerals. 

Detwiler, S. 8S. Box of minerals ; from Pennsylvania. 

Dickinson, FH. Collection of bird’s nests; from Massachusetts. 

Doak, M.S. Two boxes of minerals ; from Tennessee. 

Dodge, Lieut. Col. Richard I., U.S. A. Box of plants and flowers; from 
California. 

Domnitz, H. Specimens of terrapins (Pseudemys picta). (Purchased.) 

Donaldson, Thomas. Eight boxes of minerals; from the ‘“ Lexington 

Mine,” Montana. 

Doron, T. S. Specimens of fish, Indian relics, and skin of wild-cat 

(Lynx rufus); from Alabama. 

Dorsey, k. B. Specimen of fossil (Aturia); from California. 

Dowell J. C. Six specimens of herons. 

Downman, kh. H. Specimens of pike (Hsox americana) and insects; from 

Virginia. 

Drane, Dr. O. A. Stone ax; from Saint George County, Md. 

Driver & Schofield. Specimen of monkey (Cercopithecus). 

Dudley, W.L. Section of fossil tree; from Kentucky. 

Dugés, Prof. Alfredo. Box of birds’ skins, insects, reptiles, &c.; from state 
of Guanajuato, Mexico. 

Dummon, Richard. <A living blind chicken. 
Durand, Wm. S. Plant; from Michigan. 

Dupre, D. A. Specimens of minerals; from South Carolina. 
Earll, k. H. Nine boxes and tanks of fresh and alcoholic specimens of 

fishes from various places along the Atlantic coast of the Southern 

States ; fishing gear used in Florida and the Carolinas; yoke for pat- 

ent knee of dory ; one fish-sound extractor; a collection of fish sounds, 
and samples of Yupon tea, from North Carolina. 
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Earll, Rk. E., and M. McDonald. Two tanks of alcoholic specimens of 
fishes; from North Carolina. 

Easterday, Geo. W., and J. Rk. Bachteli. Specimens of minerals; from 
Beaver Creek, Md. 

Edmonds, Richard H. Two eases of canned crabs and specimens of 
oyster shells, also photographs of fish-canning establishments. 

Edwards, Vinal N. Nine boxes of alcoholic specimens of fishes; from 
Wood’s Holl, Mass. 

Eisen, Gustaf. A collection of alcoholic specimens of reptiles; from 
California. 

Hlegat, William B. A specimen of trilobite; from Ohio. 
Endlich, F. M. Specimens of hunting implements used by the Wapsiana 

Indians of British Guiana; skins of jaguar and monkey, and dried 

specimens of trunk and flying fishes; also aboriginal West Indian 

pottery. 

_ English, Commodore Earl, U. S. N. Specimens of minerals. 

_ Esperson, Hon. Henry, Surveyor-General, Dakota. Three boxes of min- 

erals; from various mining claims in Dakota. 

Evans, C. H. Specimen of graphite. 

_ Evans, Commander k. D., U. S. N. Two boxes of soundings; from the 

North Atlantic, taken by the United States steamer Saratoga during 

the years 1879 and 1880. 

Fair, A.D. M. Box of shells; from Honduras. A small box of fossils; 
from New Jersey; and teeth of porbeagle shark. 

_ Fairbanks, N. K. (through A. Booth.) Specimens of California salmon 
taken in Geneva Lake, Wisconsin. 

_ Falkiner, W. k. Specimen of asbestos ; from Virginia. 
Farquhar, Col. F. U., U. S. A., Secretary Light-House Board. A large 

—— 

collection of corals ; from the Tortugas, Florida. 

Findley, J. J. Specimens of minerals; from New Mexico. 
Findley, S. M. Hawk (Buteo borealis); from Virginia. 

Figyelmesy, Philip, United States consul Demarara, British Guiana. Bark 

canoe and paddles, and collection of pottery and basket-work ; made 

by the Indians of British Guiana. 

_ Fisher, W. J. Mollusks; from Maine. 
Fitch, Captain. Nest of Brazilian oriole. 
Fitzhugh, D. H. Specimen of fish (Percopsis pellucida); from Michigan. 

_ Fleetwood, William A. Specimen of pointer. 
_ Fletcher, Thomas. Small box of minerals; from Arkansas. 
Forns, Raymond W. Mounted specimens of birds. 
Forney, George H. Specimens of minerals; from New Mexico. 

_ Fox, Hannibal. Metallic mask; from Ohio (lent for casting). 
_ Friedricksten, Count A. von Donhoff. Stone mask (lent for casting). 

_ Frinckel, George N. Specimen of tale. 
| Frizzell, Bernard F. Specimen of flying squirrel (Sciuropterus volucella) ; 

from Washington, D. C. 
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Fullen, Andrew. Small box of minerals; from West Virginia. 

Furber, F. B. Specimens of minerals; from Texas. 

Furr, Charles E. Specimen of iron pyrites. 
Galbraith, Frank G. Two boxes Indian implements and one tank of al- 

coholic specimens of fishes ; from Lancaster County, Pa. 

Galindo, Don Ignacio (through Dr. E. Palmer). Mummy and surround- 

ings; from cave at Coahuila, Mexico. 
Galliher, N. M. Specimen of ore; from Virginia. 
Garlick, Theodatus. 'Two casts of fishes. 
Garnier, John H. Specimens of snakes; from Ontario, 
Garratt, A. (through Dr. Hartmann). Stone ax; from the Society Isl- 

ands. 

Gearn, W. R. Seeds of Chenopodium, taken from Indian mound in Da- 
kota. i 

Gere, J. HE. Box of Indian relics; from Wisconsin. 
Gernerd, J. M. M. Specimens of fossiliferous rocks; from Pennsylvania. 

Gesner, William. Living specimens of mussels; from Alabama. 

Gibbs, George J. Deposit taken from old salt pond, Grand Turks Isl- 

and, W. I. 

Gilbert, Charles H. Four tanks alcoholic specimens of fishes; from the 
Pacific coast of the United States. See also under Jordan, D. 8S. 

Gilbert, G. K. One tank and box of alcoholic specimens of fishes; from 

Utah. 
Gilliss, Capt. James, U. 8S. A. Pair of elk antlers; from Wyoming. 
Gloss, Joseph D. Wiving box tortoise (Cistudo ciausa); from the District 

of Columbia. 

Gloucester (Mass.) Isinglass and Glue Company. Four boxes of samples 

of isinglass, glue, We. 
Glover, Prof. Townend. Case of mounted specimens of birds. 
Goodale, S. L. Sample of food extract of mackerel. 

Gookin, N. W. Samples of beet sugar and sirup. 

Goss, N.S. Bird-skin; from Briers’ Island, N. Scotia. 
Gough, Stephen E., jr. Two living horned frogs (Phrynosoma). 

Grop, L. Box of fossil ferns; from Arkansas. 

Graham, A. H. Osteological specimens; from mound in Texas. 
Gray, Professor Asa. Four Indian implements (lent for casting). 

Gray, S. C. Sample of soapstone; from Ohio. 

Greely, Lieut. A. W., U. S. A. Pharyngeal bones of drum (Pogonias 
chromis); from Sandy Hook. 

Green, Lieut. L. D., U. S. A. Portion of skull of bear; from Wyoming 
Territory. 

Green, Seth. Collection of fish-hatching apparatus. 

Griffith, C. HE. Specimen of blue-tailed lizard; from Maryland. 
Griffith, David. Specimens of minerals; from Maryland. 
Grigsby, C. 8S. Water-worn piece of limestone; from Tennessee. 
Grigsby, J. B. Specimen of ore; from Tennessee. 
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Grimes, EL. G., U.S. A. Swan; from Yankton, Dakota. 
Griscome, J. W. Specimens of Branchipus. 

Guesde, L. Jar of alcoholic mammals, fishes, and reptiles; from Guade- 
loupe. 

Haines, Macy P. A collection of fossils; from Indiana. 
Haller, A. S. Specimens of insects; from Virginia. 
Halsted, Miss May A. Lower jaw of fresh-water drum (Haploidonotus 

grunniens) ; from the Mississippi River. 

Hamlen, William. ‘Two fossil oysters, from the Potomac River. 
Hampton, Wade, U. S. Senate. Specimens of alligator-gar and shovel- 

nosed cat-fish (Litholepis and Polyodon); from the Mississippi River. 

Hancock, John. Specimens of minerals; from Arizona and Texas. 
Harrison, George B. Bird; from Virginia. 

Hartman, Andrew. Stone ax; from York County, Pennsylvania, 
Hatch, Philo T. Sample of shell marl; from New York. 
Hawes, Dr. G. H. Insect; from Florida. 
Hawley, Dr. G. A. Medal of Indian or Mexican make; from Guatemala. 
Hayward, F. W. Living specimens of Sirenand Amphiuma; from South 

Carolina, 

Healy, Rev. P. Horned-frog; from California. 
Henckle, Ambrose L. Specimens of Indian implements; from Virginia. 

Henderson, Judge John G. Four boxes of Indian relics taken from the 

*“ Naples Mound,” Illinois. 
Henderson, S. J. Specimens of minerals; from Ohio. 
Henry, L. B. Specimens of minerals; from Virginia. 

Henshaw, H. W. A small collection of bird skins; also stone pestle 

from Idaho. 

Hereford, Frank, U.S. Senate. Specimens of minerals; from West Vir- 

ginia. 

Herendeen Capt. E. R. Specimens of stone relics; from the North Pacific 

Islands. 
Hering, C. J. Collection of natural history and ethnological specimens; ¢ 

from Surinam. 
Hermes, Dr. Two specimens of eels; from Germany. 
Herring & Co., New York. One large burglar and fire proof safe, man- 

ufactured expressly for and presented to the U.S. National Museum. 

Hess, F. Meteoric stone; from Iowa. 
Heyman, Professor. Section of whale vertebra. 
Hicks, G. H. Indigo bird (Cyanospiza cyanea), and collection of Indian 

relics ; from Michigan. 
High, Augustus. Specimens of minerals; from Dakota Territory. 

Hill, A. C. Specimens of insects; from Vermont. 
Hill, D. D. Minerals; from New Mexico. 
Mill, k. T. Specimens of crystals. 
Hillman, Prof. Uno. Samples of albumen made from the eggs of the cod. 

_ Hilyer, Prof. Henrico. Alcoholic specimens of fishes and collection of 

bird skins; from Italy. 
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Hinston, J. H. Specimen of coal; from Georgia. 
Hitchcock, George N. Egg of a gull. 

Hitz, Charles. Stone ax. 
Hobbs, Orlando. Two boxes of land and fresh-water shells, and Paleo- 

zoic fossils; from Indiana. | 

Hockhaus, F. W. Specimens of iron pyrites; from Iowa. 

Hollenbusch, H. H. Box of minerals; from Pennsylvania. 

Holliday, J.C. Specimen of meteoric stone; from South Carolina. 

Holmes, W. H. Specimens of quartz, calcite, and obsidian; from the 
Yellowstone National Park. 

Horan, Henry. Specimens of living snakes; from Maryland and Vir- 

ginia. 

Horn Silver Mining Company. Specimens of ores. 

Howe & French, Boston, Mass. Specimens of American isinglass. 

Howgate, Capt. H. W., U. 8S. A. Two living Eskimo dogs; from Green- 
land. 

Hubbell, — . Specimen of soapstone; from Virginia. 

Hughlett, Thomas. Specimens of sea trout (Cynoscion regalis) and ribbon- 

fish; from Maryland. 
Hunt, B. A. Collection of ethnological specimens; from Georgia. 

Hunter, John. Specimen of decomposed feldspar. 

Huntingdon, Charles L., U. S. N. Two boxes of soundings; taken by 

the U. 8. 8S. Alert in Yeddo Bay, Japan. 
Huysman, Theodore (through Dr. C. Rau.) Stone celt; found in the 

State of Magdalena, United States of Colombia. 
Hyams, C. N. Collection of birds’ eggs; from North Carolina. 

Ingersoll, Ernest. Box of Indian relics; from New York. 
Japan, Bureau of Education of (Mombusho). Two boxes of botanical 

specimens. 

Jennings, John. Chunky-stone; from Tennessee (lent for casting). 

Johnston, G. W. Specimen of sparrow (Passerella Townsendi); from Cali- 

fornia. 

Johnson, Master Samuel M. Albino rat; from South Africa. 
Johnson, Samuel M. Collection of Indian pottery and implements, and 

living tortoise and snake; from Texas. 

Jones, Mrs. A. E. Wiving water-snake (Tropidonotus fasciatus); from 

Virginia. 

Jones, Alfred. Leaf, with insect adhering. 

Jones, D. A. Specimens of minerals; from Virginia. 
Jones, George C. Casts of Indian implements; from Connecticut. 
Jones, John P., United States Senate. Specimen of mineral; from Ne | 

vada. 
Jordan, David S., and Charles H. Gilbert. Sixty-five boxes and tanks of | 

fishes, taken along the Pacific coast of the United States; also, a series : 

of fish preparations for food, &c., obtained in San Francisco. 

Jordan, W. N. Specimen of mineral; from South Carolina. 
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Jouy, P. L. Specimens of fishes, from Washington Market; specimens 

of snakes and birds, from Maryland ; and a large collection of birds, 

from Cobb’s Island. 

Kefauver, H. B. Specimen of rock; from Maryland. 

Kelly, Moses. Specimen of chromic iron; from Maryland. 

Kemp, J. C. Grape-vine borer; from Virginia. 
Kendall, J. K. Specimen of barnacle goose; from Jamaica Bay, L. I. 

Kenyon, O. A. Specimen of worms; from Iowa. 
Kerne, Lieut. L. M., United States Revenue Marine. Arrow-head; from 

Port Royal, 8S. C. 

Kidder, Dr. J. H. Tank of aleoholic specimens of fishes; from Beyrout, 

Syria. 
Kilby, -———. Egg of turkey-buzzard ; from Virginia. 

King, Larkin. Specimens of minerals; from Texas. 
Kitchen, C. M. Specimens of plants; from Virginia. 

Knickerbocker, Millis. Package of seeds, &c.; from Florida. 

Knott, John, jr. Specimen of hair-snake (Gordius). 

Koebele, Albert. Box of birds’ skins and eggs, and insects. 

Koehler, William. Sample of fish food. 
Koontz, George S. Specimen of ore. 
Kost, Prof. J. Collection of fossil rocks, &c.; from Michigan. 
Kumlien, Ludwig. Weather made from skin of sturgeon; specimen of 

fish from Lake Ontario ; and stuffed skin of salmon from Cape Vincent, 

INE YS. 
Kuntz, George F. Box of minerals. 

Langdon, F. W. Box of Indian relics; from Ohio. 
Lanphear, G. B. Specimens of fishes. 

Latimer, A. W. Fossil; from the Chattahooche River, Alabama. 
Latimer, W. H. Stone image; from Porto Rico, West Indies. 

Lawrence, Alfred N. Specimen of fish; from New Jersey. 

Lawrence, George N. Stone ax; from Essex County, N. J. 

Lawrence, Dr. George W. Specimen of thread-herring (Opisthonema 

thrissa); from Arkansas. 
Lawrence, Robert. Specimen of dwarf deer. 

Lee, Dr. W. Hair-snakes (Gordius). 
Leppelman, L. Three boxes of Indian relics; from Ohio (lent for casting). 

Leslie, Charles 0. A collection of fresh and alcoholic specimens of 

fishes; from South Carolina. 
Lewis, L. £. Specimens of plants and rocks; from New York. 

Lightburn, Dr. R. E., U. 8S. A. Living specimen of Gila monster 

(Heloderma horridum); from Arizona. 

Lippold, George. Living specimen of snake (Ophibolus doliatus) ; from 

the District of Columbia. 

Locke, W. M. Deformed specimen of soft-shell turtle (Achedonectes spin- 

ifer); from Illinois. 
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Logan, John A., United States Senate. Samples of coal; from [linois. 

Longjield, Frank. Specimens of snakes and insects; from Texas. 

Lowry, Robert. Albino specimen of snowbird (Junco hyematlis); from 
Virginia. . 

Luther, S. M. Specimens of Indian relics; from Ohio and Michigan 

(lent for casting). 

Luttrell, Chester. Box of Indian relics; from Alabama. 

Luttrell, Elston. Three boxes of ethnological and mineralogical speci- 

mens; from Alabama. 
Lyon, V. W. Two boxes of fossils; from Indiana. 

Maddox, W. L. Specimen of fossil; from Ohio. 

Marnock, G. W. Specimens of toads; from Texas. 
Marshall, George. Specimens of birds; from Maryland. 

Marvin Brothers and Bartlett, Portsmouth, N. H. Five cases of samples 
of cod-liver oil. 

Matthews, Charles. Specimen of caterpillar; from Arkansas. 

Mayo, Henry, & Co., Boston, Mass. A large number of samples of the 

various kinds of preserved fishes. 

McCarthey, Capt. John F. Specimen of bat-fish (Malthe cubifrons) ; from 
Florida. 

McChesney, Charles E. Two birds’ skins (Passerculus, Melospiza); from 

Dakota. 

McCormick & Connable. Specimens of rock-sturgeon and whitefish; 

from Lake Michigan. 

McDonald, Col. Marshall. Hight boxes of alcoholic specimens of fishes, 

&e.; from the South Atlantic States. 

McEwen, John B. Can of alcoholic specimens of fishes; from Tennes- 
see. 

McGraw, James C. Mineral; from West Virginia. 
McLean, Rev. J. P. Specimens of Indian relies; from Ohio and Indi- 

ana. 
McMenamin & Co., Hampton, Va. Case of canned crabs. 

Mazyck, Lieut. J. Two shells; from South Carolina. 

Mazyck, W. St.J. Specimens of sponges, corals, and shells; from South 

Carolina. 

Medsen, Peter (through Prof. D. 8. Jordan). Two tanks of fishes; from 

Utah. 

Meigs, M. C., Quartermaster-General, U. S. A. Plaster molds of medall- 

ions of Washington, Lincoln, Chase, and Seward. 

Mell, P. H., jr. Insect and shells; from Alabama. 

Merchant, George. Models of seine-needles and pins. 
Merman, Lyman A. Samples of herring oil and specimens of herring. 

Merriam, Joseph W., United States Consul, Iquique, Peru. Samples of 

Peruvian guano. 

Merrill, Dr. J. C., U. 8. A. Specimens of mammals, fishes, and birds ; 
from Montana. 
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Metcalf, M. Albino raccoon and stone hatchet; from Battle Creek, 
Michigan. 

Metcalfe, James K. Specimens of insects; from New Mexico. 

Metz, Dr. Charles L. Box of Indian implements ; from Ohio. 

Mexico, National Museum of. G. Mendoza, Director. Cast of a sacrifi- 

cial stone. 

\ Milam, b. C. Frankfort fishing-reel (purchased). 

Miller, Frank. Box of fossils; from Texas. 
Miller, Mrs. J. E. Specimens of rocks; from New York. 

Miller, M. A. Box of Indian relics; from Virginia. 

Mims, E. J. Specimens of plants; from South Carolina. 

Mintzer, W. A., P. A. Engineer, U. S. N. Alcoholic specimen of fish; 

from Delaware. 

Mobley, G. B. Specimens of German carp; from Alabama. 
Money, Hon. H. D. Specimens of ores ; from Mississppi. 

Moore, C. R. Specimens of Indian implements; from Virginia. 

Moore, John. Specimens of rock conglomerate ; from Arkansas. 

Moore, N. &. WLamprey eel and feathers of wild turkey. 

Moran, Dr. George H., U. S. A. One living and one stuffed specimen of 

Gila monster; from Arizona. 
Morrison, J. R. D. Living moth; from Washington. 

Mueller, Dr. Rk. Two Indian relics; from Indiana. 

Muis, W. 8S. Box of shells; from Utah. 
Mundt, A. H. Box of fossil plants; froin Illinois. 

Myers, Justin M. T. Box of fossils; from Ohio. 
Nelson, E. W. Seventeen boxes of general natural history and ethno- 

logical specimens; from Alaska. 

Nelson, John. Box of fishermen’s clothing. 

Nelson, Robert. Two living garter snakes (Hutenia); from District of 

Columbia. 
Neve, HE. Three silver Indian (?) relics; from Florida. 
Newsome, David. Specimen of ore; from Oregon. 
Newton, Edward. Living specimen of yellow boa (Chilobothrus inornatus) 

and box of bird skins; from Jamaica. 
Nichols, Mrs. E. J. Specimens of ores; from Texas. 

Nichols, Dr. H. A. A. Two boxes of birds and alcoholic specimens of 

natural history; from Dominica. 
Niles, Frank G. Specimen of Crilla ; from Connecticut. 
Viles, J. Nest and eggs of swallow, and lizard; from Pennsylvania. 

Nixon, J. S. Specimens of birds and mole (Condylura); from Pennsyl- 

vania. 
Nodor, Dr. O. D. Photographs of tusks of Bison latifrons. 

North, Rev. J. B. Specimens of minerals; from Virginia. 
Nye, Millard, jr. Box of Indian relics ; from Massachusetts. 
Ober, A. K. Stone implement ; from Massachusetts. 
Ober, F. A. A large collection of natural history specimens, principally 

birds ; from the West Indies. 



122 APPENDIX TO THE REPORT OF THE SECRETARY. 

Ogilby, J. Douglas. A collection of birds’ skins; from Texas. 

Orcutt, C. R. A small box of shells; from California. 
Osborn, A. (through T. B. Ferguson). Jar of alcoholic specimens of fishes; 

from the Potomac River. 

Osborn & Vail. Two specimens of horse-fish (Vomer setipinnis); from 
New Jersey. 

Palmer, William. Specimens of birds and reptiles; from Virginia and 
Maryland. 

Parker, H. A. Specimen of cup-stone; from Mlinois. 

Parker, Joel C. Fish-hatching box, used at Grand Rapids, Mich. 
Parkhurst, C. D. Specimen of coal; from Colorado. 

Eceuen., H. N. Box of water- niente (Nymphea tuberosa); from Ili- 

nois. 

Patterson, 8S. Specimens of minerals; from Virginia. 
Paxson, S. W. Specimens of minerals; from New Mexico. 
Peckham, k. W. Specimen of smooth puffer (Tetrodon levigatus); from 

Connecticut. 
Pellet, EH. P. Box of minerals; from the United States of Colombia. 
Perry, J. W. Specimens of crystals; from Florida. 

Perry, Ralph. Indian mortar; from Indiana. 

Philadelphia, Pa., Zoological Society of. A number of skulls and skele- 

tons of monkeys. 

Pierce, Milton P. Fragments of Indian pottery; from New Jersey. 

Pirz, Anthony. ‘Two boxes of stalactites and specimens of Proteus an- 

guinus; from Adelburg Grotto, in Carniola. 

Plant, J.C. Collection of minerals and Indian relics ; from Georgia. 
Plumacher, HE. H., United States Consul, Maracaibo, Venezuela. Collec- 

tion of butterflies; from Venezuela. 

Poey, Prof. Felipe. Nine boxes of living reptiles and two boxes of alco- 
holic specimens of fishes; from Cuba. 

Polkinhorn, H. Living tree-toad (Hyla versicolor); from Washington, 
DC: 

Polleys, W. H., United States Consul, Barbadoes, W. I. (through William 
Wood). Specimens of septaria and infusorial earths; from the West 

Indies. 

Powel, Samuel. Scale of tarpum (Megalops thrissoides); from Rhode 
Island. 

Powell, J. W., Director Ethnological Bureau, Smithsonian Institution. 

Sixty-four boxes of ethnological specimens; from Arizona and New 

Mexico; collected by James Stevenson and Frank H. Cushing. 

Prentiss, Dr. D. W. Specimens of ants. 

Prindle, Frank. Specimens of (Diadophis punctatus); from Virginia. 

Proctor, J. O. Model of fishing-schooner Mary Odell, of Gloucester, 
Mass. (Purchased.) 

Prosser, William Q. F. Specimen of Octopus ; from Seattle Bay, Wash-. 

ington Territory. 
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Prouty, C. Rk. Collector of Customs, Indianola, Tex. Mounted specimen 
of crane. 

Pryer, Jasper, New York, N. Y. Samples of fish oils. 
Pumpelly, Prof. Rk. Eighteen packages of minerals; from various locali- 

ties in the United States. 

Pusey, S. N. Specimens of stickleback (Gasterosteus aculeatus); from Dela- 
ware. 

Ramsey, Alexander, Secretary of War. Two boxes of minerals; from 
Minnesota. 

Ramsey, N. A. Specimen of clay; from Durham, N. C. 

Rattan, V. Specimens of mosses and lichens; from California. 
kedding, B. B. Bulbs of Camassia esculenta; from California. 
Reid, George W. Specimens of minerals and Indian relics; from Penn- 

sylvania. 

Remington, Cyrus K. Buckskin purse, from Pike’s Peak, Colorado. 

Reynolds, Dr. Elmer E. Specimens of minerals and Indian relics; from 

Virginia. 

Richard, John H. Box of living turtles; from Pennsylvania. 
Richards, A. H. Specimen of mineral; from California. 
Richmond, Va., College of. Specimen of Tuckahoe (Indian bread). 
Richter, Dr. Theodore. Specimens of minerals; from Freiburg. 
Ridgway, Robert. Specimens of birds’ skins; from Illinois, Virginia, 

and California. 

Ridgway, Robert, and Henry Marshall. A large collection of birds’ 

skins; from Cobb’s Island and vietnity. 

Rives, J. H. Specimens of rocks; from Virginia. 
Robertson, Dr. W. B. Head of brook trout (Salvelinus fontinalis) ; from 

the James River, Virginia. 

Robey, Rufus. Specimens of beetles; from Maryland. 

Robinson, C., jr. Two snakes (Tropedonotus sipedon and Ophibolus do- 

liatus); from the District of Columbia. 

Rogers, John S. Specimens of glue, isinglass, We. 

Romeyn, H., U. S. A. Specimens of sea-horse (Hippocampus); from 

Virginia. 

Rosamond, W. B. Specimen of mineral; from Ohio. 

Rounds, Ralph W. Specimens of Maine flora. 
Rowlet, F. Indian relic; from New York (lent for casting). 
Ruby, Charles, private, U. S. A. Fossil shells and bones, one pair of 

elk-horns and one pair of deer-horns; from Fort Laramie, W. T. 
Rusby, S. H. Indian dish; trom New Mexico. 
Russell, Thomas J. Box of shells and broken pottery ; from Texas. 

Samford, Hon. W.J. Specimen of ore. 
Sanborn, J. K. Specimens of conglomerate. 
Saunders, Col. John S. Living catfish; from Chesapeake Bay. 
Sayre, Dr. L. A. Carved stone mask; from New York (lent for casting). 
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Schacht & Fruchknecht, Sandusky, Ohio. Samples of caviar, isinglass, 
and fish oils. 

Schlegel, Jacob. Specimens of feldspar; from Virginia. 

Schneck, Dr. J. Specimens of living tortoises (Pseudemys elegans); from 

Illinois. 
Schonborn, H. F. Two eggs of dove (Streptopelia risoria). 

Scott, David W. Specimens of birds’ skins. 
Sebring, James E., jr. “ Bull-dog” Catlinite pipe; made by the Sioux 

Indians of Dakota (purchased). 
Sellman, Henry G., Eastport, Me. Six boxes of “sardines.” 
Sewall, C. A., Acting Assistant Surgeon, U. S. A. Specimens of insects ; 

from New Mexico. 
Shaw, B. F. Model of fishway used at Anamosa, Iowa. 

Sheldon, D. S. Box of fossils and a living snake; from Iowa. 
Sheperd, R. T. Box of alcoholic reptiles ; from Ohio. 
Sidman, George D. Specimens of minerals; from South Africa. 

Simmons, C. A. Two fossil shark’s teeth; from Florida. 
Simmons, Newton. Wighteen arrow-heads, from Maryland; and a speci- 

men of centipede, from Texas. 

Slater, J. H., U. S. Senate. Specimen of coal; from Oregon. 
Slaughter, John B. Specimens of minerals; from Texas. 

Small, Edgar A. Specimens of birds’ eggs. 
Small, E. £. Embryo porpoise; from Provincetown, Mass. 

Smiley, C. W. Specimen of moth. 
Smith, Mrs. Emma (through Maj. J. W. Powell). Specimens of Indian 

wedding cake; Cattaraugus Reservation, New York. 

Smith, Charles B. Six arrow-heads; from Maryland. 

Smith, Charles J. Specimens of smelts (Osmerus pacificus); from Oregon. 

Smith, Everett. Model of fishway used on the Penobscot River (pur- 
chased) and specimens of smelts (Osmerus mordaz). 

Smith, Prof. H. L. Century of microscopic slides. 

Smith, W. A. Specimens of black crystals; from Texas. 

Smyth, John H., United States Minister Resident to Liberia. Specimens 
of African handiwork ; from Liberia. 

Snow, A. L. Specimen of zine ore; from Tennessee. 

Snow, Franklin, G Co., Boston, Mass. A large collection of preserved 
fish of various kinds. 

Southwick, J. M. K. Specimens of mackerel (Scomber); from Newport, 
R. L. 

Spangler, George. Specimen of water-dog (Necturus lateralis); from In- 
diana. 

Sperry, Edward H. Specimen of hare (Lagomys princeps) ; from Colorado. 
Sperry, I. A. Spear-point; from Mlinois. 

Spinner, FP. E. Box of fossil shells; from Florida. 
Spray, S.J. Specimen of weasel (Putorius vulgaris); from Colorado. 
Springer, Hon. William. Specimens of minerals. 
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Stabler, James P. Six hawks and three owls and a living blacksnake 
(Bascanion constrictor) ; from Maryland. 

Star Mica Company, Pensacola, Fla. One box of minerals. 

Stearns, Silas. Five boxes of specimens of fishes, &c.; from Florida. 
Stephens, Hon. A. H. Box of minerals; from Georgia. 

Sterling J. H. N. Specimens of fish; from Maryland. 

Stevenson, James. Box of pottery; from New Mexico; and a specimen 

of Florida alligator. 

Stevenson, James, and Mr. Russell. Six boxes of fossils and rocks; col- 
lected in New Mexico. (See Powell.) 

Stimpson, William G. Spider and nest. 

Stone, Livingston. ‘Three boxes of fossils and a keg of alcoholic salmon 
skins; from California. 

Stout, W. O. Insect; from Arkansas. 
Swan, James G. Three boxes specimens of fishes, specimens of dried 

fish put up by Indians, and a carved Indian club; from Washington 

Territory and Vancouver's Island 

Sweeny, Dr. R. O. Specimens of siscowet and trout; from Lake Su- 

perior. 

Sweet, Charles D. Specimens of insects; from Florida. 

Sweezey, Goodwin D. Specimen of mole (Blarina talpoides); from Massa- 
chusetts. 

Sweitzer, Ineut. J. B., U.S. A. Hagle-ray ; from Fort Brown, Texas. 
Symmes, F. M. Box of stone implements; from Indiana. 

Talbot, Walter M. Specimens of minerals ; from Maryland. 

Taylor, Fred.W. Specimens of minerals and ores; from various localities. 
Taylor, Dr. H. W., U. S. A. Horned-toad (Phrynosoma); from the 

Indian Territory. . 

Taylor,W.G. Specimen of banded rudder-fish; from the Potomac River. 
Taylor, W.J. Four boxes of specimens of natural history; from Georgia. 

Thomas, W.G. Specimen of beetle (Dynastes hercules); from North Caro- 
lina. 

Thompson, C. W. Specimens of coal; from Dakota. 
Thompson, Daniel. Two insects from cane-plant; from Louisiana. 
Thomson, J. H., New Bedford, Mass. Barrel of whale-boat fittings. 
Thurber, E. W. Specimens of minerals ; from Rhode Island. 
Tichkematse (Indian). Specimens of birds and antlers of deer; from the 

Indian Territory. 

Tillson, Perry. Cast of Indian relic; from Ohio. 
Trabing Brothers. Specimen of mineral; from Wyoming. 

Tracy, CO. C. Specimens of minerals; from Nevada. 
Traill, C. H. Specimens of shells (Rhynchonella); from New Zealand. ¥ 
Trezevant, Dr. G. T. (through E. E. Jackson). Specimens of fossil teeth 

of sharks; from the phosphate beds of South Carolina. 
Tripp, T. M. Bird skin (Nephacetes niger); from Colorado. 

True, Ff. W. Two stone implements ; from Virginia. 
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Tuerpe, Albert. Specimens of sirens; from Texas. 

Tuggle, W. O. Two bones of fossil elephant; from Texas. 

Ulrich, H. O. Box of fossils; from Arkansas. 

Union Oyster Company, Baltimore, Md. Four boxes of canned oysters. 
Valentine, Gabriel. Specimens of minerals; from Pennsylvania. 

Valentine, Mann S. Sample of extract of oyster. 

Van Camp, Dr. Specimen of fish; from the Fiji Islands. 

Vene, Leroy. Water-worn rock ; from Virginia. 

Wadham, J. E. Specimens of seeds and minerals; from California. 

Wagg, Dr. James. Specimen of mineral, from North Carolina. 

Walker, S. T. A collection of birds’ skins, Indian relies, and shells ; 
from Florida. 

Walker, T. G. Specimens of peat; from New Jersey. 

Wallace, John. Stuffed skin of raccoon (Procyon lotor). 

Wallis, R. A. Specimen of pipe-fish (Syngnathus peckianus); from Mary- 

land. 

Ward, Prof. H. A. A bottle of fishes ; from Ceylon and Borneo. 
Washington, D. C.: 
Interior Department : 

Box of plants, seeds, and woods, &c., collected by 8. Hayes. Speci- 
mens of minerals ; from California. 

Soils collected between Sierra Nevada and City Rocks, by F. A. 
Bishop. 

Census Office. (See under the names of Edward Atkinson and W. 
M. Chmeuret.) 

General Land Office. (See under names of Surveyor-General John 

Wasson and Special Agent James Bell. 

Geological Survey, Clarence King, United States Geologist. (See un- 
der the names of G. K. Gilbert and R. Pumpelly.) 

Office of Indian Affairs : 

Two boxes of Indian relics from graves at Forestville, N. Y. D. 

Sherman, Agent, collector. 

United States Commission of Fish and Fisheries. (Prof. Spencer F. 

Baird, Commissioner.) About 225 boxes of zoological collections 
from the Atlantic and Pacific coasts, made by Prof. A. EB. Verrill, 
Richard Rathbun, Charles H. Gilbert, G. Brown Goode, A. Howard 
Clark, and D. S. Jordan; also, a number of models of fishing ves- 

sels and implements. (See also under the names of Charles G. 

Atkins, Tarleton H. Bean, H. C. Chester, A. H. Clark, F. N. Clark, 
J. W. Collins, W. H. Dall, R EF. Earll, T. B. Ferguson, Charles H. 

Gilbert, G. Brown Goode, William Hamlen, E. Ingersoll, D. S. Jor- 

dan, M. McDonald, John 8S. Saunders, Newton Simmons, Charles 
W. Smiley, Livingston Stone,and James G. Swan.) Specimens of 
marine natural history have besides been received from the fol- 

lowing captains and crews of fishing vessels sailing principally 
from Gloucester, Mass.: 
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Abbe, W. A. Specimens of young menhaden; from Promised Land, N. Y. 

Anderson, Capt. Charles F’., and crew of schooner Alice G. Wonson. Specimens 

of sponges (Chalina), corals (Primnoa, Paragorgia, &c.), shells, sea-urchins, 

crabs, eels (MZuranoides, Synaphobranchus), fishes (Centroscyllium), &c.; from 

George’s Bank. 

Andrews, B. W., Benjamin Marshall, and others, of Rockport. Pair of iron roll- 

ers used in 1840 at Rockport, Mass., in the manufacture of isinglass from 

fish sounds. 

Ardendale, Edward, schooner Josephine. Specimens of fishes (Hemitripterus, 

Prionotus, and Cryptacanthodes), crabs, star-fishes, and other marine inverte- 

brates; from off Cape Sabie, Pollock’s Rips, and Ipswich Bay. 

Bishop, John H. Models of schooners Emma 8. Osier and John W. Smart. 

Borson, William. Branch of sea coral (Primnoa reseda), with barnacles. 

Brown, Edward O., schooner Albert A. Harding. Specimens of fishes, shrimps, 

and stomachs of mackerel; taken along coasts of Maine and Massachu- 

setts. 

Burnham, Jeremiah. Two models of fishing vessels (purchased). 

Burnham, Willard R. ‘Two models of fishing vessels (purchased). 

Burns, Thomas. Young mackerel and sponge (Halichondria); from Seal 

Island Ground. 

Campbell, Capt. David, and crew of schooner Admiral. Specimens of corals 

(Aleyonium), sponges (Polymastia), barnacles (Balanus), star-fishes, sea 

feathers, &c.; from Grand Bank. 

Carroll, Capt. Frank, and crew of schooner Polar Wave. Specimens of fishes 

(Scopelus, Petromyzon, and Synaphobranchus), corals (Flabellum, Acanella), 

sponges, &c.; from Saint Peter’s Bank and Banquerean. 

Cavangher, Lawrence, schooner Bellerophon. Specimens of fishes (Sebastes, Syn- 

aphobranchus), sponges (Polymastia), and corals (Primnoa); from George’s 

Bank. 
Colby, Charles. Specimens of shells, sea-worms, star-fishes, &c.; from off 

Thatcher’s Island. 

Colby, Henry. Sea-gurnard (Prionotus carolinus) ; Gloucester Harbor. 

Collins, Capt., D. E., and crew of schooner Gussie Blaisdell. Specimens of 

star-tishes (Asterias, Solaster), corals, shells, ascidians, &c.; from the Grand 

Banks. 
Collins, John, and crew of schooner Albert H. Harding. Young dog-fish with 

sack attached, and specimens of mackerel food ; from off Chatham and 

Noman’s Land. 

Conly, John. Specimens of fish (Auxis); from Gloucester Harbor. 

Corliss, Capt. William, and crew of schooner Laughing Water. Specimens of 

fishes (Cyclopterus, Petromyzon, Murcnoides), shells, star-fishes, &c.; from 

George’s Bank. 
Cousens, Captain, and crew of schooner Mist. Young skate, eggs of gastero- 

pod, finger-sponge, hydroids, shells, &c.; from the Western Bank. 

Crew, Capt. Charles, and crew of schooner Isaac A. Chapman. Specimens of 

fishes (Myxine, Chirostoma, Gadus, Synaphobranchus, Chimera, Petromyzon), 

&c., corals (Alcyonium, Acanthogorgia, Anthomastus, Keratoisis, Acanella, 

&c.), sponges (Polymastia, Halichondria, Phabellia), ascidians, sea cauli- 

flowers, hydroids, anemones, &c.; from the Green, Saint Peter’s, and 

Grand Banks and Banquereau. 
Critchett, Captain, and crew of schooner Flash. Specimens of spiders (Nym- 

phon), sponges (Polymastia), horseshoe crabs (Limulus), star-fishes, &e. ; 

from George’s Bank. 
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Crittenden, A. k. Fossiliferous bowlders from Cape Cod, and samples of 

trawl-rollers used in Gloucester fisheries. 

Cuddy, Captain, and crew of schooner Joseph O. Specimens of mussel-shells, 

barnacles, and fishes ; from George’s Bank. 

Curley, Hugh, schooner Legal Tender. Crawfish, from the Providence River ; 

and finger-sponge (Chalina) ; from the South Channel. 

Daniels, Captain, and crew of schooner David M, Hilton. Specimens of seal- 

lops, barnacles, sponges, and hydroids ; from George’s Bank. 

Dempsey, Capt. William, schooner Clara I’, Friend. Specimens of fishes 

(Zoarces, Mallotus, Myxine, Petromyzon), corals, squids, shrimps, sponges, 

&c. ; from George’s and Brown’s Banks. 

Dixon, Capt., and crew of schooner Flora Temple. Specimens of spider-crab 

(Lithodes), star-fish (Hippasteria), and sponge (Chalina); from Middle 

Bank. 

Douglass, Albert. Specimens of squeteage and scuppaug; from Magnolia, 

Mass. 

Douglass, Thomas. Specimens of fishes (Menticirrus, Centropristis) and squid ; 

from Magnolia, Mass. 

Dower, Augustus, schooner Victor. Specimens of shells, worms, squids, erabs, 

&c.; from the Grand Banks. 

Hitch, Captain, and crew of schooner Herbert M. Rogers. Specimens of corals 

(Celleporaria, Escharopsis, Alcyonium), ascidians, sea-corn, &c.; from the 

Grand Banks. 

Fowles, Frank, schooner Young Sultan. Specimens of star-fishes (Asterias, 

Ophiopholis, Ctenodiscus), whelks, sea-anemones, &c.; off Cape Ann, Massa- 

chusetts. 

Fowles, J. Frank, steamer Geo. H. Bradley. Specimens of menhaden and men- 

haden food and spawn; also crabs, shell, sponges, &¢.; from various 

places along Long Island Sound. 

Geary, Capt. John, schooner Sunshine. Finger-sponge (Chalina), swordfish- 

sucker (Remora) and parasites; from Ipswich Bay and coast of Maine. 

Getchell, Capt. John Q., and crew of schooner Otis P. Lord. Specimens of fishes 

(Triglops, Gadus, Sebastes, Petromyzon, Murenoides, Prionotus, Achirus), 

sponges (Polymastia, Chalina), corals (Aleyonium), tunicates, bryozoans, 

barnacles, crabs, &c.; from George’s Bank. 

Gibbs, Captain, and crew of schooner Oceanus. Scarlet-cushion star-fish ; from 

off Cape Negro, N. 8. 

Gill, Capt. Israel, schoonerEmma. Piece of nipple-sponge (Polymastia), from 

off Sankaty Head ; and back-bone of pig-shark, off Gloucester Harbor. 

Gilpatrick, Capt. Briggs, and crew of schooner Gatherer. Specimens of fishes 

(Synaphobranchus, Scopelus, Alepidosaurus, Petromyzon, Sebastes, Myxine), 

sea-feathers, sponges, star-fishes, &c. ; fromthe Grand Banks. ‘ 

Gourville, Capt. J., and crew of schooner Rebecca Bartlett. Specimensof fishes 

(Sebastes, Triglops, Murenoides, Petromyzon), sponges (Chalina), bryozoans, 

hydroids, &c.; from George’s Bank. 

Greenleaf, Capi. N., and crew of schooner Grace L. Fears. Specimens of fishes 

(Scopelus, Lycodes) and skate’s egg; from Green Bank. 

Guthrie, Captain, and crew of schooner Mary Brown, Lump-fish (Cyclopterus 

lumpus), weighing ten pounds; caught off Thatcher’s Island. 

Hall, Captain, and crew of schooner Clytic. Specimens of eels (Murwnoides, 

Petromyzon), star-fishes, mussels, holothurians, crabs, &c.; from George’s 
Bank. 
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Harrington, John. Specimens of star-fishes, shells, shrimps, anemones, &c. ; 

from George’s Bank. 

Harrington, John, schooner Otis P. Lord. Specimens of fishes, sponges, ane- 

mones, star-fishes, hydroids, shrimps, &c.; from George’s Bank. 

Hodgdon, Capt. Thomas, and crew of schooner Bessie W. Somes. Specimens of 

fish (Chiasmodes niger, Sebastes, Simenchelys, Macrurus), corals (Aleyonium, 

Acanthogorgia, Keratoisis, Anthothela), &c.; from the Grand Banks. 

Hodgdon, Captain, and crew of schooner Proctor Brothers. Specimens of sea- 

feathers (Pennatula, Balticina), sponges (.Polymastia, Phabellia), sea-worms, 

&ce.; from Grand Banks. 

Hooper, ht. A., bark Silas Fisk. A large mackerel (Scomber sp.); from off 

the coast of Chili. 

Hurlburt, Robert, schooner Star of the East. Large mussel-shell with sponge 

(Chalina); from George’s Bank. 

Hurlburt, Robert, schooner Barracuta. Small octopus; from Brown’s Bank. 

Hurlburt, Robert. Specimens of yellow perch, horned pout, red fin, &c.; 

from off Yarmouth, N.S. 
Jacobs, Capt. Sol, schooner Sarah M. Jacobs. Specimens of fish (Scomberesox, 

Cyclopterus, Poronots, Gasterosteus, and Scomber); from off Cape Cod. 

Jacobs, Capt. Sol, schooner Edward E. Webster. Specimens of fish (Awzxis, Po- 

ronotus), sponge, sword-fish parasites, &c.; from off Block Island. 

Jellow, John, schooner Frederick Gerring. Perforated stone; from south coast 

of Newfoundland. 
Jellow, John, schooner Henry Friend. Part of a small anchor covered with 

bryozoans and hydroids; from George’s Bank. 

Jewett, Silas, schooner Phantom. Specimens of star-fish (Ophioglypha Sarsii) 

and egg capsules (Sycotypus); from Ipswich Bay and Providence 

River. 
Johnson, Capt. George A., schooner Augusta H. Johnson. Specimens of fish 

(Macrurus, Centroscyllium, Petromyzon, Simenchelys, Sebastes, Synaphobran- 

chus), corals (Flabellum), ascidians, crabs, star-fishes, &c.; from the Grand 

and Saint Peter’s Banks. 
Johnson, Capt. Levi, and crew of schooner Lizzie. Pug-nosed eels (Simenchelys) 

and star-fishes (Asterias) ; from Grand Banks. 

Johnson, Capt. Otto, and crew of schooner Magic. Specimens of fish (Mure- 

noides, Brosmius), shells, hydroids, barnacles, &c.; from George’s Bank. 
Kill, Capt. William, and crew of schooner Eureka. Young moon-fish (Pare- 

phippus quadratus) ; from off Seguin, Me. 

Knight, Capt. T. H., schooner Ocean King. Specimens of star-fishes (Ophio- 

glypha, Hippasteria, Ctenodiscus, Asterias, Crossaster); corals (Alcyonium), 

crabs, clams, ascidians, &c.; from Grand Banks. 

Landry, Simeon. . Rock with Chalina sponge; from off Sankaty Head. 

Lawson, Capt. Charles, and ercw of schooner Herman Babson. Specimens of 

crustaceans, molusca, ascidians, tunicates, star-fishes, &c. ; from the Grand 

Banks. 

Lawson, Captain, and crew of schooner Henry Stanbury. Stone covered with 

barnacles (Balanus); from George’s Bank. ; 
Lee, Capt. Charles, schooner Orient. Cramp-fish (Torpedo occidentalis) ; from 

Ipswich Bay. 

Lowry, Captain, and crew of schooner Aberdeen. Specimens of fish (Triglops), 

Shells (Pecten, Modiola) star-fishes, finger-sponge, hydroids, &c.; from 

George’s Bank. 

S. Mis. 3 9 
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Turvey, William, Rock-gurnard (Prionotus carolinus) from Ipswich Bay. 

McAskell, Capt. Neil, and crew of schooner Lizzie. Specimens of fish (Mac- 

rurus, Anarrhichas, Platysomatichthys, Myxine, Scopelus, Centroscyllium 

Sebastes, Petromyzon), corals (Alcyonuim Primnoa), sponges (Polymastia, 

Phakellia, Cladorhiza), star-fishes, ascidians, &c., from the Grand Banks. 

McCurdy, Alex. Sample of double-edged throating-knife, made at Glou- 

cester, Mass., for use in fisheries at Alaska. 

MeDonald, James, schooner E. B. Phillips. Specimen of spiny spider-crab 

(Lithodes maia); from Jeffrey’s Ledge. 

McDonald, Capt. Jerome, and crew of schooner Solar Wave. Specimens of fishes 

(Coryphenoides, Myxine), devil-fish (Octopus), sponges (Cladorhiza), sea- 

feathers, &c.; from the Grand Banks. 

McDonough, Hervey, schooner Finance. Young codfish (Gadus), star-fish 

(Asterias), and barnacles ; from off Cape Negro, N. S. 

McGraw, James. Sea-mouse (Aphrodite), from off Eastern Point ; and mussel- 

shell covered with eggs of gasteropod; from George’s Bank. 

McIntosh, Captain, and crew of schooner Paul Revere. Holothurians, shrimps, 

sponges, &c.; from Jeffrey’s Ledge. 

‘ McIntyre, Captain, and crew of schooner Paul Revere. Crinoids, parasites from 

eodfish, and ovaries of shark; from George’s Bank. 

McKenzie, Capt. Andrew, and crew of schooner Bellerophon. Specimens of fish 

(Aspidophoroides, Sebastes), algae, star-fish, crabs; fromoff Nova Scotia and 

Newfoundland. 

McKinnon, Capt. Daniel, and crew of schooner Mary F. Chisholm. Specimens of 

fishes (Simenchelys, Petromyzon, Haloporphyrus, Centroscypllium, Synapho- 

branchus, Scopelus), corals (Flabellum, Acanthogorgia, Keratoisis), crabs, 

&c.; from the Grand Banks. 

McKinnon, Capt. John, and crew of schooner Mystic. Specimens of fishes 

(Poronotus, Sebastes, Muraenoides, Hippoglossoides), shells, star-fishes (Aste- 

rias, Hippasteria,) sea-roses, corals, &c.; from the George’s and Grand 

Banks. 

Mahlman, David. Specimes of fishes (Seriola and Menticirrus); from off 

Eastern Point. 

Marble, Frank. Portion of codfish’s backbone with excrescence. 

Markuson, Capt. Kurd, and crew of schooner Notice. Specimens of fishes (Mal- 

lotus, Apeltes, Sebastes, &c.), corals (Acanella, Alcyonium, Acanthogorgia), 

star-fishes, sea-featners (Pennatula, Balticina), shells, &c.; from the Grand 

Bank. 
Martin, Capt. Charles, and crew of schooner Martha C. Specimens of fishes 

(Mallotus, Scomberesox, Clupea), star-fishes (Crassaster, Solaster), shells, sea- 

anemones, sponges, &c. ; from George’s Bank. 

Martin, Capt. George H., and crew of schooner Northern Eagle. Specimens of 

star-fishes (Hippasteria), fishes (Murenoides, Scomber, Tauwtogolabrus), cor- 

als (Primnoa), &c. ; from the Grand Bank, Ipswich Bay, and the coast of 

‘Maine. 
Martin, Capt. S. J. Specimens of fishes (Lamna, Anarrhichas, Gadus, Tau- 

togolabrus, &c.); from Gloucester Harbor. 

Merchant, George, schooner Hattie B. West. Variety of mackerel; from the 

coast of Maine. 
Merchant, Philip. Branch of gold-banded nest coral (Keratoisis ornata) ; from 

Banquereau. , 

Merchant, Philip, schooner Everett Steele. Specimens of fishes (Petromyzon, 

Phycis, Chirostoma), shells, hydroids, crabs (Cancer, &c.) ; from the George’s 

Banks. 
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Merchant, Capt. Philip, and crew of schooner Marion. Specimens of fishes 

(Chimera, Anarrhichas, Haloporphyrus, Synaphobranchus), sea-rose ( Urti- 

cina), sponge (Polymastia), corals (Acanella), &c.; from the Grand Bank. 

Merchant, Capt. Philip, schooner Wachusett. Brisinga star-fish, shark’s eggs, 

and nipple-sponge; off Banquereau. 
Mitchell, Manuel D., schooner Sultana. Specimens of fishes (Achirus, Nemich- 

thys), star-fishes (Solaster, Astrophyton, Lophasteria), crabs (Cancer, Hyas, 

Geryon), shrimps, holothurians, &c. ; from George’s Bank. 

Morris, Captain, and crew of schooner Frederick Gerring. Perforated stones 

and lamp shells ; from off Saint Peter’s Bank. 

Morrissey, Capt. James D., and crew of schooner Plymouth Rock. Specimens 

of fishes (Myxine, Zoarces, Synaphobranchus, Simenchelys, Petromyzon, Cen- . 

troscyllium, Macrurus Fabricii, and M. Bairdii, Sebastes, Scopelus, Centro- 

scymnus), star-fishes (Ophiopholis, Ctenodiscus), sea-feathers (Pennatula, Bal- 

ticina), corals (Flabellum, Acanthagorgia, Acanella, Aleyonium), marine 

worms, anemones, &c. ; from the Grand and Green Banks. 

Morrison, Capt. R. and crew of schooner Laura Nelson. Specimens of fishes 

(Scomberesox, Myxine), corals, sponges, sea-feathers, &c. ; from Grand and 

Artimon Banks. 

Murphy, Capt. Charles, and crew of schooner Alice Mf. Williams. Specimens of 

fishes Myzxine, Macrurus, Scopelus, Mallotus), corals (Primnoa, Acanella, 

Paragorgia, Keratoisis, Acanthomastus), sponges (Polymastia, Phakellia, 

Cladorhiza), sea-feathers (Pennatula, Balticina), star-fishes, &c.; from 

Saint Peter’s, Grand, and Banquereau Banks. 

Murphy, Captain, and crew of schooner Proctor Brothers. Specimens of sponges 

(Polymastia, Cladorhiza), sea-rose ( Urticina), and sea-feathers ( Virgularia); 

from Saint Peter’s Bank. — 
Nason, Captain, schooner William A. Pew. Specimens of fishes (Lophius, 

Myzxine), star-fishes (Crossaster, Ophiopholis), shells, bryozoons, &e. ; from 

George’s Bank. 
Neil, Captain, and crew of schooner Alfred Walen. Bunch of tumorous sub- 

stance taken from stomach of codfish on George’s Bank. 
Nelson, Capt. Anderson, schooner Starry Flag. Large perforated rock; from 

George’s Bank. 
Newbury, Captain, and crew of schooner Barracouta. Great scallop (Pecten 

tenuicostatus) with barnacles (Balanus) attached; from George’s Bank. » 

O’Brien, Capt. Daniel, and crew of schooner Guy Cunningham. Specimens of 

fishes (Macrurus, Centroscyllium, Synaphobranchus, Myxine), sponges (Cla- 

dorhiza, Phakellia), corals (Acanella, Acanthogorgia, Paragorgia, Paramu- 

ricea, Flabellum), sea-feathers (Balticina, Pennatula), star-fishes (Asterias, 

Ctenodiscus), &c.; from Grand Banks. 

Olsen, Capt. George, and crew of schooner Procter Brothers. Pilot-fish, sponges 

(Cladorhiza Phakellia, Polymastia), sea-feathers, shells, anemones, &C¢. ; 

from the various banks off Newfoundland. 

Olsen, Capt. Thomas, and crew of schooner Epes Tarr. Specimens of fishes 

(Anarrhichas, Myxine,Scopelus, Centroscyllium, Synaphobranchus, Petromyzon), 

corals (Paragorgia, Primnoa, Alcyonium, Anthomastus), sponges (Phakellia, 

Cladorhiza), devil-fishes, anemones, crinoids, &c.; from the Grand and 

Saint Peter’s Banks. 

Osier, Capt. David A., schooner Breeze. Large sea-lamprey (Petromyzon 

marinus) ; from Ipswich Bay. 

Pearce, Fred. Base of coral (Primnoa), with lamp shells and brittle star- 

fish ; from Banquereau. 
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Perrel, William H., schooner Joseph O. Specimens of sponges, star-fishes, 

mussels, &c.; from George’s and Brown’s Banks. 

Pettingell §& Cunningham, Gloucester. Whale’s rib bone. 

Poland, Daniel. Three models of fishing-vessels. 

Radcliffe, Captain, Young thresher shark (Alopias vulpes); from off Eastern 

Point. 

Riggs, Capt. Joshua, schooner Pitz J. Babson. Specimens of frigate mackerel 

(Auzis); from off Block Island. 

Rowe, John. Calcareous rock; from George’s Bank. 

Ryan, Capt. J., and crew of schooner David A, Story. Specimens of fishes 

(Myxine, Macrurus, Synaphobranchus, Petromyzon, Centroscyllium, Scopelus), 

sponges (Halichondria, Phakellia), corals (Aleyonium, Paragorgia), hydroids, 

sea-roses, ascidians, shells, sea-mice, &c.; from the Grand Bank. 

Schooner Adelia Hartwell, captain and crew of. Twolarge honey combrocks; 

from George’s Bank. 

Schooner Enola C., captain and crew of. Horse mussels (Modiola) with barna- 

cles (Balanus) attached ; from George’s Bank. 

Schooner Josephine, of Rockport, captain and crew. Ling or mutton-fish; from 

off Chatham, Mass. , 

Schooner Mary E. Daniels, captain and crew of. Spiny lump-fish (Lumicrotremus 

spinosus), bryozan coral (Escharopsis rosacea) and eggs of gasteropod ; 

from the Grand Banks. 

Schooner Northern Star, captain and crew of. Large monk-fish (Lophius ameri- 

canus); from Western Bank. 

Schooner William Parsons, 2d. Specimen of balena; from the Grand Banks. 
Scott, George W., schooner Clytie. Specimen of fishes (Scomber, Gadus, Petro- 

myzon), crabs (Hyas), shells, hydroids, &¢.; from Brown’s Bank. 

Skarin, Herman. Barnacles (Balanus) and chalina sponge; from Brown’s 

Bank. 

Smith, Capt. Joseph, schooner Wm. M. Gaffney. Sea-horse (Hippocampus) ; 

from off Block Island. 

Smith, Capt. Robert, schooner Volunteer. Specimen of mackerel; from off 

Seguin, Maine. 

Spurr, Capt. Alfred, and crew of schooner John F. Wonson. Specimens of sea 

feathers, corals, tunicates, &c.; from George’s Bank. 

Story, Charles O. Three building models of fishing-vessels. 

Tarr, Capt. Zebulon, and crew of schooner Mary Fernold. Mackerel-food (Cope- 

poda) and small fish from mackerel stomachs; from Prince Edward’s Island. 

Thompson, Capt. Thomas, and crew of schooner Lizzie K. Clark. Crustaceans, 

mackerel-midges, and fishes; from off the coasts of Maine and Prince 
Edward’s Island. 

Wadsworth, Capt. James, and crew of schooner Conductor. Specimens of fishes 

(Centroscyllium, Haloporphyrus, Synaphobranchus), coral (Aleyoniwm), and 

sea feathers (Pennatula and Balticina) ; from George’s Banks. 

Wells, Captain, and crew of schooner H. A. Duncan. Specimens of fishes, star- 

fishes, crabs, sponges, &¢c.; from Brown’s Bank and off Nova Scotia. 

Wheeler, Captain, schooner Defiance. Sea-lamprey (Petromyzon) from oft 

Thatcher’s Island, and moon fish (Parephippus) from Ipswich Bay. 

White, Capt. Thomas, and crew of schooner Martha and Susan. Specimens of 

fishes (Chirostoma, Petromyzon), crabs (Hyas), mussels (Modiola), sea- 

urchins, &c.; from Brown’s and George’s Banks. 

Whitton, Capt. Owen A., and crew of schooner Wm. H. Oakes. Specimens of 

fishes (Synaphobranchus, Myxine), corals (Keratoisis, Anthomastus, Para- 

. 
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gorgia, Alcyonium), squid (Architeuthis), sponges (Polymastia, Phakellia), 

anemones, crinoids, &c.; from the Grand Banks. 

Williams, Capt. B. A., and crew of schooner Centennial. Specimens of fishes 

(Lycodes, Mallotus), star-fishes (Solaster, Asterias) tunicates, sea-cucum- 

bers, shells, &c. ; from the Grand Bank. 

Wilson, Mr. . Specimens of fishes (Solaster, Hippasteria) ; fromoff Cape Breton 

Island. 

Wonson, Everett. Laughing gull (Larus atricilla); from Brace’s Cove, Glou- 
cester. 

Wonson, Fletcher. Calcareous rocks, &c.; from George’s Bank. 

Wonson, John F. Specimens American sole (Achirus) and calcareous rock, 

from the South Channel; and shells and barnacles from hull of bark San- 

tee (Africa). 

Wright, Capt. Frank, and crew of schooner Wachusett. Specimens of fishes 

(Myzxine), scollops, whelks, sponges, corals (Hscharopsis, Primnoa), sea- 

feathers, &c.; from the Grand Banks. 

Navy Department : 

Bureau of Steam Engineering. (See under name of Passed Assistant 

Engineer H. C. Beckwith.) 
United States Navy. (See under names of Commodore Earl English, 

Capt. R. Chandler, Commanders Lester A. Beardslee, R. D. Evans, 
and Ensign W. L. Wood.) 

Treasury Department : 

United States Coast and Geodetic Survey, Capt. C. P. Patterson, 

Superintendent. (See under W. H. Dail.) 
United States Revenue Marine. (See under Dr. Robert White.) 

War Department : 
Signal Service. (See under names of Capt. H. W. Howgate and Pre- 

vate E. W. Nelson.) 
Surgeon-General’s Office. (See under the names of Drs. J. N. K. Cor- 

son, Elliott Coues, R. E. Lightburne, George H. Moran, C. A. Sewall, 

and H. W. Taylor.) 

Surveys west of the one hundredth meridian (Capt. G. M. Wheeler in 

charge). Ten boxes invertebrate fossils. 

United States Army. (See under the names of General M. C. Meigs, 

Lieut. Col. Richard J. Dodge, Captains Charles Bendire, E. Craw- 

ford, Levi Cromwell, James Gilliss, Lieuts. A. W. Greely, L. D. 

Green, H. Komeyn, and J. B. Sweitzer.) 

Wasson, John, United States Surveyor-General, Arizona. Specimens of 

minerals from various mining claims in Arizona. 

Weeden, W. C. Three living blacksnakes (Bascanion constrictor), and 

skin of shrike; from Washington, D. C. 
Weeks, Charles. Arrow-heads; from Maryland. 

West, John. Specimens of stone implements; from Virginia. 

West, William. Indian stone implements; from Virginia. 

Westcott, O. S. Jaw of fresh-water drum (Haploidonotus grunniens) ; 

from Wisconsin. 
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Whittaker, H. W. Specimen of mineral. 

White, Dr. C. A. A collection of fossils; from various localities. 
White, H. G. Skin of titmouse (Parus atricapillus); from Taunton, 
Mass. 

White, Dr. Robert, United States Revenue Marine. Six boxes of general 

natural history specimens; from Alaska. 

White, Samuel (through Dr. A. P. L. Pease). Specimens of minerals; 
from Ohio. 

White, Thomas J. Flint-lock pistol found at Harper’s Ferry, W. Va. 

Whitney, J. IL. Copper ax and shell implement ; from Ohio (purchased). 

Wiggins, F. B. Three living possums; from Virginia. 

Wiggins, John B. Three pieces of soapstone; from Virginia. 

Wilcox, W. A. One hundred and thirty packages of fishing apparatus 

and samples of various preparations of fish. 

Wilder, B. G. Living Menobranchus ; from New York. 
Wilkin, Dr. J. F. Tank of fishes; from Virginia. 

Williams, Captain (through W. H. Dall). Specimen of seal (Histriophoca 

equestris); from Bering Sea. 

Williams, Rev. G. F. Pottery figure (lent for casting). 
Williams, J. G. Specimens of minerals; from Pennsylvania. 
Wilmot, Samuel. Three specimens of salmon; from Canada. 

Wilson, G. B. Box of birds’ eggs; from Texas. 

Wilson, Lewis (through Geo. A. Boardman). Specimen of bluefish; from 
Maine. 

Winslow, Ensign Francis, Assistant United States Coast and Geodetic 
Survey. Bottle of alcoholic fishes; from the Chesapeake Bay. 

Woltz, George. Living water-snake and five Indian arrow-heads; from 

Virginia. 

Wood, J. W. Bottle of reptiles; from Wisconsin. 
Woods, James. Indian drilled implement, with original drill; from New 
York (lent for casting). 

Woods, M. L., Ensign U. 8S. N. Box of alcoholic specimens of reptiles; _ 
from Texas. 

Woodman, Dr. H. T. Four boxes of Indian relics; from Iowa. 
Wooster, A. F. Specimens of birds’ eggs, minerals, and mosses. 

Wooton, J. B. Specimens of insects. 

Worth, S. G. Specimens of fish; from North Carolina. 
Wright, Abel A. Water-beetle; from Georgia. 
Wright, Isaac H. Box of fish-hatching apparatus. 
Wyeth, John, & Brother, Philadelphia. Bottle of fluid extract of sea- 
wryack. . 

Zircle, Reuben. Specimens of stalagmitic formations; from New Market 
Cave, Va. 

Zug, J. H. Specimen of granite. 

A number of specimens of fishes, seeds, plants, minerals, Indian relies, 
birds, &c., have also been presented by unknown donors. 
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The following articles, which have been added to the collections of 

the National Museum, were presented to the United States Commis- 
sion of Fish and Fisheries at the International Fisheries Exhibition, 
Berlin, 1880: 

DENMARK: 

Danish Commission. Two models of Danish fishing-vessels, a model 
of an eel-weir, and an eel-spear. 

GERMANY: 
Berlin Aquarium, Dr. Hermes. A number of fishes from the Berlin 

Aquarium. 

Borne, Max von dem. Model of a fish-pond, a full size model of a 
sluice-way and gate for fish-pond; also, some fish-hatching ap- 

paratus. 

Leipsic, Museum fiir Volkerkunde. A small collection of ethnologi- 

eal objects, principally African. 

Oterendorp & Co., Nordernei. Model of a German fishing-vessel. 
Peterson, Kuno; Flensburg. Model of a German trawling-vessel. 

Schuster, Carl. Transportation can for fish. 

HOLLAND: 
Dutch Commission; A. EH. Maas, commissioner. A model of a life- 

saving boat. 

*“ Neptunus” Company, Nieuwe Diep. Model of a peculiar Dutch 

fishing-boat. 

ITALY: 
Italian Commission. <A large series of canned fish. 

Florence Natural History Museum, Prof. Enrico Giglioli. A small 

collection of Italian water-birds, and a series of Italian fishes in 
alcohol. 

Genoa Natural History Museum, Dr. Decio Vineiguerra. A collection 

of Italian fishes in alcohol. 

NORWAY: 
Norwegian Commission. Models of five different Norwegian fishing 

vessels and boats. A model of a fisher-house at the Lofoten 
Islands. A collection of fishing gear, including lines, hooks, and 
trawl; besides a set of cooper’s tools, used in making fish-barrels. 

Also a large series of samples of canned and dried fish. 

Stavanger Preserving Company, Stavanger. A series of samples of 

canned fish. 

RUSSIA: 
Russian Commission. Specimen of fish isinglass, and a large and 

finely-illustrated work on the inland fisheries of Russia. 

SWEDEN: 
Swedish Commission. A series of samples of canned and dried fish. 
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REPORT OF EXPLORATIONS IN NEW MEXICO AND ARI- 
ZONA, BY JAMES STEVENSON. 

Professor S. F. BAIRD: 

DEAR Srr: I have the honor to present you herewith a brief state- 

ment of the explorations made by the party under my charge during 

last summer; giving, for the present, only an outline of the country 

traversed and the aggregate results accomplished. 

The party arrived at Santa Fé, New Mexico, about the first of Sep- 

tember last, where a few days were Spent in arranging details for the 

prosecution of the field work. 

From Santa Fé the party traveled direct to the pueblo of Taos, by 

way of the Rio Grande. At Taos about a week was spent in making 

collections; many sketches were made, representing picture-writing on 

the interior of the dwellings and estufas. Quite a number of photo- 

graphic illustrations were made, showing the entire outlines of the vil- 

lage, including many details of its structure, sufficiently to construct a 

model. Portraits were also taken of the principal individuals of the 

pueblo. 

From Taos the par ty proceeded southward to the pueblo of San Juan. 

From San Juan to Santa Clara, from Santa Clara to San Ildefonso, 

from there to Nambe, thence back to Santa Fé. A few days more were 

spent at the latter place in obtaining supplies for future work. We 

again proceeded southward to the pueblo of Cochiti, which is situated 

on the west bank of the Rio Grande, about 30 miles from Santa Fé. 

The party spent several days at this place making collections, photo- 

graphic and other illustrations. From Cochiti we traveled westward 

about 30 miles to the pueblo of Jemez, situated near the sources of the 

Rio Jemez. At this village some days were spent in making collec- 

tions, photographs, &c. From Jemez we followed up the Rio Jemez to 

the Hot Springs, near which we found several large ruins, both Indian 

and Spanish. Many views were made of the ruins, as wells a collec- 

tion of pottery fragments, stone implements, &c. From Jemez our 

course was south, following the Jemez River. About ten miles below 

Jemez we found the pueblo of Silla, or Sia; here, too, a collection was 

made, and some photographs. Continuing down the river some miles, 

we reached the pueblo of Sunta Ana. This pueblo we found to be much 

larger than any we had visited, except, perhaps, Taos. Our investiga- 

tions at this pueblo were as full and complete as those made at the 

other pueblos. From Santa Ana we continued south, crossing the 

Rio Grande, to the pueblo of Sandia. At this village a full collection 

was made and an ample number of photographic illustrations to con- 

vey the fullest impression of the pueblo. From Sandia we moved on 

to Santo Domingo. This pueblo is located on the east bank of the Rio 
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Grande, and between that and the line of the Atchison, Topeka 
and Santa Fé Railroad. We also made a complete collection of pot- 

tery, &c., at this point. From here we continued our journey up the 

Rio Grande to the pueblo of San Feélipé. Here we also spent several 

days making illustrations and collections. We then returned to Santa Fé, 

from where a special trip was made, via the railway, to the pueblo of 

Isleta. At each of the pueblos a sufficient time was taken to make 

investigations of all kinds in relation to the inhabitants, and to make a 
full typical collection of all their utensils, fabrics, &e., illustrating their 
industries, We. 

There are very many details and specimens of special interest which 

can only be presented after an examination of the sketches, photo- 

graphs, and specimens. 

The object of greatest interest to the party was the discovery of a 

class of ruins occupying a large area of country about 45 miles west of 

Santa Fé, and lying around the base of the Jemez Mountains, and be- 

tween these mountains and the Rio Grande. These ruins extend ina 

semicircular manner from near Ildefonso around to the sources of the 

Rio Jemez, and are in depth from 3 to 15 miles. The houses are ex- 

cavated in the faces of perpendicular bluffs composed of a soft voleanic 

tufa, very much resembling pumice stone; each bluff is shaped in its 

outlines somewhat like a horseshoe, the whole being situated in series, 
facing the river, and receding back from it, one above the other, toward 

the Jemez Mountains. The accompanying pencil sketches, by Mr. F. 

G. Galbraith, and one of the photographs will convey an impression of 

their appearance. From these ruins a large quantity of stone imple- 

ments were collected. 
One other locality which came within view of the party, but which 

was not examined for want of time, will prove of much interest. The 

locality referred to is on either side of the Upper Jemez River, which 

is bordered by numerous mesas from four to fifteen hundred feet in 

height, and much broken or cut up by canons which have in many 

instances separated the mesas from each other. Located on the sum- 

mits of these mesas we found twenty-seven villages in ruins, which we 

could only see with our glasses from the summit of a high mountain. 

The mesas on which these ruins are situated are so high and difficult 

of access that many days would be required to explore a single one 

of them. 
In summing up the results of the work for the season, I can do no 

more than to give a list of the collections and illustrations made. 

Photographs.—Twenty-two 11x14 views representing the pueblos of 

Taos, San Juan, Santa Clara, San Ildefonso, Pojanquiti, Tesuque, 

Nambe, Cochiti, Jemez, Jemez Ruins, Silla or Zia, Santa Ana, Sandia, 

Isleta, Santo Domingo, San Félipé, and Picoris. Twenty-one 3x10 

portraits, embracing the governors and other principal perséns of the 

Pueblo tribes visited. 
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Specimens.—Two thousand eight hundred specimens, embracing pot- 

tery, pestles, mortars, baking stones, grinders, polishing stones, drills, 

axes, spears, arrow-heads, scrapers, adzes, &c. Fabrics, such as blank- 

ets, waistlets, anklets, leggins, dresses, head-dresses, &c. Also, toys, 
bird-traps, spindle-whorls, gaming-stones, cart and plow, and many other 

objects too numerous to specify. 

Hoping this brief statement may serve your purposes for the time 

being, 
I am, very respectfully, your obedient servant, 

JAMES STEVENSON. 
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RECEIPTS AND DISTRIBUTION OF SPECIMENS. 

[These tables show only what has been recorded or entered in the detailed catalogues, 
constituting but a small proportion of the whole. ] 

Table showing the number of entries in the record-books of the United States 
National Museum at the close of the years 1879 and 1880, respectively. 

Class. 1879. 1880. 

2 UAT SS A= aid ae Hee ce PSHE ERC IC OS GaC DECE Obc ESSE aa a eer ieee 13, 144 13, 264 
LESS) se REESE RE SAREE ESE ASE PN AST ee pl aR Ae ae 79, 093 81, 329 
Ikepulesrandeam poi bians ee) sees oe Seater ee ee ooo cleans 10, 407 10,517 
"STIS SVS SSA oe 93, 561 26, 947 
SKEIGLONS ANG SKUNS eae a sess sem se Cece ee mee eee nee 16, 306 16, 367 
GUS S500 codecs Sco50s sue Sa60 coeS5u sa0e ssogdcosae sone cobesous 18,049 | ~ 18,189 

CRUSTACEANS Hae eyacs Seine has sieeieisiae Sectenis selovesiee cece seis ee Ostae se 2, 324 2,514 
ATITIC IOS mee serene tacts 2 ese cit ee cers oe nee ee eee oun eee 100 100 
IMO iskis een sac SECs es. CET Seaten seine sine a auet ata eens 33, 169 33, 169 
MAMI ALES Mee bye sates ace aisha) hae oe ete eiee oct anarclebe a, seen aoeers 3, 230 3, 345 
mvervebrave Lossilseeecec ccc cas eet nto cee een ee enone 8, 075 9,750 
IVE eT all Sie pene mate elo rsicl Ss sere wisi Salone Pan ano Sas IS EST SESS Sere 20, 450 20, 450 
Hrltmolocicaluspecimensamerccereseeeeeee eee cece ce eee nea. 39, 017 45, 570 

Rotary see cess he tee Se SEER eee tee eee cies 266, 925 Beil yb 

HEN CTORSOMLOL TOGO cea eater spe ee ee ae ee Se Sa a eR a BANE RB Fly 14, 586 

Approximate table of the distribution of duplicate specimens to the end of 

1880. 

Total to end of Distvibution dur- Total to end of 
1879. ing 1860. 1880. 

Class. 
ot og Rae 

Species. lace Species. Suet: Species. eee 

Skeletons and skulls ..-.--. 586 1, 924 2 21 588 1,945 
Maminials !2ease lesson esa 2, 167 4, 822 2 3 2,169 4, 825 
Binds sf Seis soss-.cke Sse o: 27,940 | 42,318 185 199 | 28,125 42,517 
IREDulesices cee ceisces sense 2,566 4,158 24 33 2, 590 4,191 
FISHES se Sectors stereo 6, 443 9, 976 4, 460 4,663 | 10,903 14, 639 
Nests and eggs of birds-..-. 8,234 | 20,511 162 403 8, 396 20, 914 
IDRERCUS Seidod cao beodsoseega)| 4h este) 10, C ot 151 240 4, 689 10, 331 
Crustaceans ..5.-.2225..652- 1, 097 QuGEGu Pseels rey (Depa se 1, 097 2, 689 
SihleliiseSeeg fo: \o22!eecteace 90, 702 | 197, 828 20 45 | 90,722 197, 873 
BAGG sen -niziosre ese 593 USB boeoeeoxe ocboeeoe 593 793 
Other marine invertebrates 1, 907 5, 240 7, 301 8, 194 9, 258 13, 434 
Plants and packages of ‘ 

seeds... - a A ae 30,442 | 52, 861 54 169 | 30,496 bp}, 030 

aaniisy set ftv Sosa wi Al OO Re tS) TOKDES 26 26 4,417 10, 544 
Minerals and rocks -...-.-| 10,006 | 21,407 244 330 | 10, 250 21,7 37 
Ethnological specimens ...| 6, 849 5, 494 35 289 3, 834 5, 783 
Diatomaceous earths 16 0 

(packages) ......:-...-- 1,174 1, 928 2 82} 1,176 2, 01 

Ovals sce. seni ae 196, 635 | 392,558 | 12,718 | 14,697 | 209,353 | 407, 255 

————$—=—$—$——<———— On 
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THE FIRST DECADE OF THE UNITED STATES FISH COM- 
MISSION: ITS PLAN OF WORK AND ACCOMPLISHED RE- 
SULTS, SCIENTIFIC AND ECONOMICAL. 

By G. BRowN GOODE.* 

There are nine departments of the government devoted, in part or 

wholly, to researches in pure and applied science—the Geological Sur- 
vey; the Coast and Geodetic Survey; the Naval Observatory; the 

National Museum; the Department of Agriculture; the Entomological 

Commission; the Tenth Census, with its special agencies for the study 

of the natural resources of the country; the Smithsonian Bureau of Eth- 
nology, and the Commission of Fish and Fisheries. The Smithsonian 

Institution, established upon an independent foundation, should also be 
mentioned, as well as the Medical Museum of the Army, and the various 
laboratories under the control of the Army and Navy Departments. 

The Geological Survey is not now carrying on any of the schemes of 

zoological and botanical investigation engaged in by its predecessors. 

The work of the Entomological Commission and that of the census, 
though of extreme importance, are limited in scope and duration, while 
that of the Agricultural Department is necessarily, for the most part, 

economical. : 

The work of the National Museum is chiefly confined to the study of 

collections made by government surveys or individual collectors and sent 

in to be reported upon. 

The work of the Fish Commission, in one of its aspects, may perhaps 

be regarded as the most prominent of the present efforts of the govern- 

ment in aid of aggressive biological research. 

On the 9th of February, 1871, Congress passed a joint resolution which 
authorized the appointment of a Commissioner of Fish and Fisheries. 

The duties of the Commissioner were thus defined: ‘To prosecute investi- 

gations on the subject (of the diminution of valuable fishes) with the view 

of ascertaining whether any and what diminution in the number of the 

food-fishes of the coast and the lakes of the United States has taken 

place ; and, if so, to what causes the same is due; and also whether any 

and what protective, prohibitory or precautionary measures should be 

adopted in the premises, and to report upon the same to Congress.” 

The resolution establishing the office of Commissioner of Fisheries 

required that the person to be appointed should be a civil officer of the 

government, of proved scientific and practical acquaintance with the 

* [From the PROCEEDINGS OF THE AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE, Vol. 

xxix, Boston Meeting, August, 1880.] 
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fishes of the coast, to-serve without additional salary. The choice was 
thus practically limited to a single man for whom, in fact, the office had 

been created. Professor Baird, at that time Assistant Secretary of the 

Smithsonian Institution, was appointed and entered at once upon his 
duties. 

The summer of 1880 marks the tenth season of active work since its 

inception in 1871. The Fish Commission now fills a place ten-fold more 

extensive and useful than at first. The present essay aims to show, in 
a general way, what it has done, is doing, and expects to do—its pur- 

poses, its methods, its results. 

The work is naturally divided into three sections: 

1. The systematic investigation of the waters of the United States 

and the biological and physical problems which they present. The sci- 

entific studies of the Commission are based upon a liberal and philo- 
sophical interpretation of the law. In making his original plans the 

Commissioner insisted that to study only the food-fishes would be of 

little importance, and that useful conclusions must needs rest upon a 

broad foundation of investigations purely scientific in character. The 

life history of species of economic value should be understood from be- 

ginning to end, but no less requisite is it to know the histories of the 

animals and plants upon which they feed or upon which their food is 

nourished; the histories of their enemies and friends, and the friends 
ard foes of their enemies and friends, as well as the currents, tempera- 
tures, and other physical phenomena of the waters in relation to migra- 

tion, reproduction, and growth. A necessary accompaniment to this 

division is the amassing of material for research to be stored in the Na- 

tional and other museums for future use. 

2. The investigation of the methods of fisheries, past and present, 

and the statistics of production and commerce of fishery products. Man 

being one of the chief destroyers of fish, his influence upon their abun- 

dance must be studied. Fishery methods and apparatus must be exam- 

ined and compared with those of other lands, that the use of those which 

threaten the destruction of useful fishes may be discouraged, and that 

those which are inefficient may be replaced by others more serviceable. 

Statistics of industry and trade must be secured for the use of Congress 

in making. treaties or imposing tariffs, to show to producers the best 

markets, and to consumers where and with what their needs may be 

supplied. 
3. The introduction and multiplication of useful food-fishes through- 

out the country, especially in waters under the jurisdiction of the gen- 

eral government, or those common to several States, none of which 

might feel willing to make expenditures for the benefit of the others. 

This work, which was not contemplated when the Commission was 

established, was first undertaken at the instance of the American Fish 

Cultural Association, whose representatives induced Congress to make 
@ special appropriation for the purpose. This appropriation has since 
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been renewed every year on a more bountiful scale, and the propagation 

of fish is at present by far the most extensive branch of the work of the 

Commission, both in respect to number of men employed and quantity 

of money expended. 

Although activity in this direction may be regarded in the light of: 

applied rather than pure scientific work, it is particularly important to 

the biologist, since it affords opportunities for investigating many new 

problems in physiology and embryology. 

The origin of the Commission, its purposes, and methods of organiza- 

tion having been described, it now remains to review the accomplished 

results of its work. In many departments, especially that of direct 

research, most efficient services have been rendered by volunteers; in 

fact, a large share of what has been accomplished in biological and 

physical exploration is the result of unpaid labor on the part of some of 

the most skillful American specialists. Although it would be interest- 

ing to review the peculiar features of the work of each investigator, the 

limits of this paper will not allow even a mention of them all by name. 

Since the important fisheries center in New England, the coast of 

this district has been the seat of the most active operations in marine 

research. For ten years the Commissioner, with a party of specialists, 

has devoted the summer season to work at the shore at various stations 

along the coast, from Connecticut to Nova Scotia. 

A suitable place having been selected, a temporary laboratory is fitted 

up with the necessary appliances for collection and study. In this are 

placed from ten to twenty tables, each occupied by an investigator, 

either an officer of the Commission or a volunteer. From 1878 to 1879 

important aid was rendered by the Secretary of the Navy, who detailed 

for this service a steamer to be used in dredging and trawling, and this 

year the steamer built expressly for the Commission is employed in the 

same manner.* 

The regular routine of operations at a summer station includes all the 

various forms of activity known to naturalists—collecting along the 

shore, seining upon the beaches,t setting traps for animals not otherwise 

to be obtained, and scraping with dredge and trawl the bottom of the 
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days. In the laboratory are carried on the usual structural and system- 

atic studies; the preparation of museum specimens and of reports. 

Since the organization of the Commission the deep-sea work and the 

investigation of invertebrate animals has been under the charge of Pro- 

fessor Verrill, who had for many years before the Commission was 

established been studying independently the invertebrate fauna of New 

England. 

In addition to what has been done at the summer station, more or less 

exhaustive investigations have been carried on by smaller parties on 

many parts of the coast and interior waters. The fauna of the Grand 

Banks and other off-shore fishing grounds has been partly explored. 

In 1872, 1873, and 1874 dredging was carried on from the Coast Survey 

steamer Bache by Professor Packard and Mr. Cooke, Professor Smith, 

Mr. Harger, and Mr. Rathbun. In 1879 Mr. H. L. Osborne spent three 

months in a cod-schooner collecting material on the Grand Banks, and 

Mr. N. P. Scudder as long a time on the halibut grounds of Davis’ 

Straits. 
A most remarkable series of contributions has been received from 

the fishermen of Cape Ann. When the Fish Commission had its head- 

quarters at Gloucester in 1878 a general interest in the zoological work 

sprang up among the crews of the fishing vessels, and since that time 

they have been vying with each other in efforts to find new animals. 

Their activity has been stimulated by the publication of lists of their 

donations in the local papers, and the number of separate lots of speci- 

mens received to the present time exceeds eight hundred. Many of 

these lots are large, consisting of collecting-tanks full of alcoholic speci- 

mens. At least thirty fishing vessels now carry collecting-tanks on 

every trip, and many of the fishermen, with characteristic superstition, 

have the idea that it insures good luck to have a tank on board, and 

will not go to sea withottt one. The number of specimens acquired in 

this manner is at least fifty or sixty thousand, most of them belonging 

to species unattainable. Each halibut vessel sets, twice daily, lines 

from ten to fourteen miles in length, with hooks upon them six feet apart, 

in water twelve hundred to eighteen hundred feet in depth; and the 

quantity of living forms brought up in this manner, and which had never 

hitherto been saved, is very astonishing. Over thirty species of fishes 

have thus been added to the fauna of North America, and Professor 

Verrill informs me that the number of new and extralimital forms thus 

placed upon the list of invertebrates cannot be less than fifty. 

A permanent collector, Mr. Vinal N. Edwards, has been employed at 

Wood’s Holl and vicinity since 1871, and many remarkable forms have 

also been discovered by him. 

No dredging has yet been attempted by the Commission south of Long 

Island, though much has been done in shore work, especially among the 

fishes, by special agents and friends of the Commission, and by parties 

stationed here and there in the work of fish-culture. Mr. E. G. Black- 
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ford, of Fulton Market, New York, by carefully watching the market 

Slabs, has added at least ten species of fishes to the fauna of the United 
States. Mr. F. Mather is studying the fish of Long Isiand and the 

sound. Dr. Yarrow, Mr. -Earll, and others, have collected from Cape 

May ‘to Key West. The Gulf States’ coast was explored last winter 

by a party conducted by Mr. Silas Stearns, who spent nine months in 

studying the subject relative to food and the census. The entire Pacific 

coast has been scoured by Professor Jordan for the Commission and 

the census, and the ichthyology of that region has been enriched by 

the discovery of sixty species new to the fauna, forty of them being 

new to science. <A similar investigation on the Great Lakes has been 

carried over a period of several years by Mr. Milner and Mr. Kumlien. 

The ichthyology of the rivers of the country has received much attention 

from the many experts employed by the Commission in fishcultural work. 

In addition to these local studies may be mentioned the general explo- 

rations, such as are now being carried on for the oyster, by Mr. Ernest 

Ingersoll and Mr. John F. Ryder, for the shad by Colonel McDonald, for 
the smelt and the Atlantic salmon by Mr. C. G. Atkins, and the Quinnat 

salmon by Mr. Livingston Stone. 

A partial indication of what has been accomplished may be found in 

the number of species added to the various faunal lists. Take, for in- 

stance, the cephalopod mollusks of New England. In Professor Ver- 

rill’s recently published monographs, twenty species are mentioned, thir- 

teen of which are new toscience. Ten years ago only three were known. 

I am indebted to Professor Verrill for the following estimate of the 

number of species added within the past ten years to the fauna of New 

England, mainly by the agency of the Commission : 

Formerly | Additions. | Now known. 
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SPONGES eee cic cet a ciae nune eee rete 10 80} 7 90 
Acalephiecse sts noses Suess Mace aoseee 102 78 180 

800 1, 000 1, 800 

It is but just to say that many of these species were obtained by Pro- 

fessor Verrill in the course of his independent explorations in Maine 

and Connecticut previous to 1871.* 

~—* A few days after the reading of this paper a new fauna was discovered about one 

hundred miles southeast of Newport, and several hundred numbers might now be 

added to this enumeration. 
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A similar estimate for the fishes indicates the discovery of at least 

one hundred species on the eastern Atlantic coast within ten years; half 

of these are new to science. Forty species have been added to the 

fauna north of Cape Cod; sixteen of these are new and have been found 

within three years; seventeen have been described as new from the Gulf 

of Mexico; sixty, and more, have been added upon the west coast. The 

results of the summers’ campaigns are worked in winter by the special- 

ists of the National Museum, and under the direction of Professor Ver- 
rill, in New Haven. 

One of the important featares of the work is the preparation of life 

histories of the useful marine animals of the country, and great quanti- 

ties of material have been accumulated relating to almost every species. 

A portion of this has been published; more or less complete biographical 

monographs having been printed on the bluefish, the scup, the menhaden, 

the salmon, and the whitefish, and others are nearly ready. 

Another monograph which may be referred to in this connection is 

that of Mr. Starbuck on the whale fishery, giving its history from the 

earliest settlement of North America. 

The temperature of the water in its relation to the movements of fish 

has from the first received special attention. Observations are made 

regularly during the summer work, and at the various hatching sta- 

tions. At the instance of the Commissioner, an extensive series of 

observations have for several years been made under the direction of 

“the Chief Signal Officer of the Army, at light-houses, light-ships, life- 

saving and signal stations, carefully chosen, along the whole coast. 

This year thirty or more fishing schooners and steamers are carrying 

thermometers to record temperatures upon the fishing grounds, a jour- 

nal of the movements of the fish being kept at the same time. One 

practical result of the study of these observations has been the demon- 

stration of the cause of the failure of the menhaden fisheries on the 

coast of Maine in 1879—a failure on account of which nearly 2,000 per- 

sons were thrown out of employment. 

Another important series of investigations carried on by Commander 

Beardslee, of the Navy, shows the error of the ordinary manner of 

using the Casella Miller deep-sea thermometer; still another series 

made by Dr. Kidder, of the Navy. and to be carried out in future, had 

for its object the determination of the temperature of the blood of 

marine animals. 

Observations have also been made by Mr. Milner upon the influence 

of a change from sea water into fresh water, and from fresh water into 

sea water, upon the young of different fishes. 

Mr. H. J. Rice carried on a series of studies upon the effect of cold in 

retarding the development of incubating fish eggs. 

A series of analyses has been made by Professor Atwater to deter- 

mine the chemical composition and nutritive value of fish as compared 

with other articles of food. This investigation is still in progress. 

S. Mis. 31——10 
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In connection with the work of fish culture, much attention has been 
paid to embryology. The breeding times and habits of nearly all of 

our fishes have been studied, and their relations to water temperatures. 
The embryological history of a number of species, such as the cod, shad, 

alewife, salmon, smelt, Spanish mackerel, striped bass, white perch, and 
the oyster, have been obtained, under the auspices of the Commission, 

by Messrs. Brooks, Ryder, Scheffer, Rice, and others. 

The introduction of new species, in water in which they were pre- 

viously unknown, is of special interest to the student of geographical 

distribution. Through the agency of the Commission the German carp 

has already been placed in nearly every State and Territory, although 

the work of distribution has only just begun, and the tench (Tinea vul- 

garis) and the golden orfe (Idus melanotus) have been acclimated; the 

shad has been successfully planted in the Mississippi Valley and on the 

coast of California, and the California salmon in the rivers of the 

Atlantic slope. The marzna, or lake whitefish, of Europe, has been 

introduced into a lake of Wisconsin. It is not my purpose to speak of 

the great success in restocking with shad and salmon several rivers in 

which the supply was almost exhausted, and in planting the Schoodie 

salmon in numerous lakes. By an act of international courtesy, Cali- 

fornia salmon have been successfully introduced into New Zealand and 

Germany. The propagation work has increased in importance from 

year to year, aS may be seen by the constant increase in the amount of 

the annual appropriation. A review of the results of the labors of the 

Commission, in increasing the food supply of the country, may be found 

in the annual reports; the rude appliances of fish culture ten years ago 

have given way to scientifically devised apparatus, by which millions 

of eggs are hatched where thousands were, and the demonstration of 

the possibility of stocking rivers and lakes to any desired extent has 

been greatly strengthened. This work was for six years most efficiently 

directed by the late Mr. James W. Milner, and is now in charge of 
Maj. T. B. Ferguson, also commissioner for the State of Maryland, by 

whom has been devised the machinery for propagation on a gigantic 

seale, by the aid of steam, which is now so successfully in use, revolu- 

tionizing the art of fish culture. 

The investigation of the statistics and history of the fisheries has 

‘perhaps assumed greater proportions than was at first contemplated. 

One of the immediate causes of the establishment of the Commission was 

the dissension between the line and net fishermen of Southern New 

England with reference to laws for the protection of the deteriorating 

fisheries of that region. The first work of Professor Baird, as Commis- 

Sioner, was to investigate the causes of this deterioration, and the report 

of that year’s work includes much statistical material. In the same 

year a zoological and statistical survey of the Great Lakes was accom- 

plished, and various circulars were sent out in contemplation of the 

preparation of monographic reports upon the special branches of the 

fisheries, some of which have already been published. 
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In 1877, the Commissioner and his staff were summoned to Halifax to 
serve as witnesses and experts before the Halifax Fishery Commission, 

then charged with the settlement of the amount of compensation to be 

paid by the United States for the privilege of participating in the fish- 

eries of the Provinces. The information at that time available concern. 

ing the fisheries was found to be so slight and imperfect that a plan for 

systematic investigation of the subject was arranged and partially un- 

dertaken. The work was carried on for two seasons with some financial 

aid from the Department of State. In 1879 an arrangement was made 

with the Superintendent of the Tenth Census, who agreed to bear a 

part of the expense of carrying out the scheme in full. Some thirty 

trained experts are now engaged in the preparation of a statistical report 

on the present state and the past history of the fisheries of the United 

States. This will be finished next year, but the subject will hereafter 

be continued in monographs upon separate branches of the fisheries, such 

as the halibut fishery, the mackerel fishery, the shad fishery, the cod 

fishery, the herring fishery, the smelt fishery, and various others of less 

importance. 

Hundreds, and even thousands, of specimens of a single species are 

oftenobtained. After those forthe National Museum have been selected, 
a great number of duplicates remain. These are identified, labeled, 

and made into sets for exchange with other museums for distribution te 

schools and small museums. This is in accordance with the time-hon- 

ored usage of the Smithsonian Institution, and is regarded as an im- 

portant branch of the work. Several specialists are employed solely 

in making up these sets and in gathering material required for their 

completion. Within three years fifty sets of fishes in alcohol, including 

at least ten thousand specimens, have been sent out, and fifty sets of 

invertebrates, embracing one hundred and seventy-five species and two 

hundred and fifty thousand specimens. One hundred smaller sets of 

representative forms intended for educational purposes, to be given to 

schools and academies, are now being prepared. 

The arrangement of the invertebrate duplicates is in the charge of 

‘Mr. Richard Rathbun; of the fishes, in that of Dr. T. H. Bean. 

Facilities have also been given to many institutions for making col- 

lections on their own behalf. 

Six annual reports have been published, with an aggregate of 5,650 

pages. These cover the period from 1871 to 1878. Many papers relat- 

ing to the work have been published elsewhere—particularly descrip- 

tions of new species and results of special faunal exploration. 

AN EPITOME OF THE HISTORY OF THE COMMISSION. 

1871.—The Commissioner, with a party of zoologists, established the 

first summer station at Wood’s Holl, Mass., other assistants being en- 

gaged ina similar work at Cape Hatteras and the Great Lakes. He 

also personally investigated the alleged decrease of the fisheries in 

southern New England, taking the testimony of numerous witnesses. 
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1872.—This year the summer station was at Eastport, Me., particular 

attention being paid to the herring fisheries. The survey of the Great 

Lakes was continued. Dredging, under the direction of Professor Pack- 

ard, was begun on the off-shore banks. At the instance of the American 

Fish Cultural Association, Congress requested the Commissioner to 

take charge of the work of multiplying valuable food fishes throughout 

the country. Work was begun on the shad, salmon, and whitefish, and 
the eggs of the European salmon were imported. 

1875.—The summer headquarters were fixed at Portland, Me. The 

opportunities for research were greatly increased by the aid of the See- 

retary of the Navy, who granted the use of an eighty-ton steamer. 

Explorations in the outer waters between Mount Desert and Cape 

Cod were carried on in the United States Coast Survey steamer Bache. 

Operations in fish culture were carried on upon an extensive scale. 

1874-1875.—In 1874 the zoological work centered at Noank, Conn. 

The attempt was made to introduce shad into Europe. In 1875 the 

station was for a second time at Wood’s Holl, where a permanent sea- 

side laboratory, with aquaria, was now established. The number of 

investigations this year was about twenty. The increase in the propa- 

gation work was proportionately much larger. 

1876.—This year the Commissioner was unable to take the field for 

fishery investigations, having been instructed to exhibit, in connection 

with the Philadelphia International Exhibition, the methods of fish 
culture and the American fisheries. Much, however, was accomplished 
by single investigators in various localities. The propagation work 

continued. This year the first carp were introduced from Germany. 

1877.—The field of investigation was resumed at Salem, Mass., and 

later at Halifax, Nova Scotia. A large steamer of 300 tons made deep- 

sea research possible. The Commissioner and his staff served as experts 

before the Halifax Fishery Commission. The propagating work was 

on the increase, and the government carp ponds were established in 

Washington. 

1878-1879.—In 1878 the summer station was at Gloucester, Mass. ; in 

1879 at Provincetown. ‘These centers of the fishing interests were se- 

lected that more attention might be devoted to studying the history, 

statistics and methods of the sea fisheries; a plan for the systematic 
investigation which seems yearly more necessary in view of the dissen- 

sions between the governments of the United States and Great Britain. 

In 1879 a combination was formed with the Superintendent of the Tenth 

Census, by which the Commissioner was enabled to carry more rapidly 

forward this branch of the work. Specialists were dispatched to all parts 

of the country to study the biological, statistical, and practical aspects of 

the fisheries. In 1878 the breeding of cod and haddock was accom- 
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plished at Gloucester. In 1879 the propagation of the oyster was 

accomplished, by co-operation with the Maryland Commission under the 

direction of Major Ferguson, and the distribution of the carp through- 

out the country was begun. 

1880.—The summer station is at Newport, R. I. The Fish Haak, a 
steamer of 484 tons, constructed expressly for the work of the Commis- 

sion, lies at the wharf, now equipped for scientific research, later to be 

employed in the propagation of sea fish, such as the cod and the mack- 

erel. Over fifty investigators are in the field in the service of the Com- 

mission. The season was opened by the participation of the Commission 

in the International Exhibition at Berlin. ‘The first honor prize, the gift 

of the Emperor of Germany, was awarded to Professor Baird, not alone 

as an acknowledgment that the display of the United States was the 

most perfect and most imposing, but as a personal tribute to one who, 

in the words of the President of the Deutscher Fischerei Verein, is re- 

garded in Europe as “the first fisheulturist in the world.” 



SPECIAL REPORT OF THE EXECUTIVE COMMITTEE, 

PRESENTED TO THE BOARD OF REGENTS DECEMBER 8, 1880. 

To the Board of Regents of the Smithsonian Institution: 

GENTLEMEN: The Board of Regents has been called to this special 

meeting at the request of the Executive Committee to consider two sub- 

jects of importance, requiring action before its regular annual session. 

At the last session of Congress the following act was passed : 

AN ACT for the erection of a bronze statue of Joseph Henry, late Secretary of the 
Smithsonian Institution. ) 

Be it enacted by the Senate and House of Representatives of the United 

States of America in Congress assembled, That the Regents of the Smith- 

sonian Institution be, and are hereby, authorized to contract with W. 

W. Story, sculptor, for a statue in bronze of Joseph Henry, late Secre- 

tary of the Smithsonian Institution, to be erected upon the grounds of 

said Institution, and for this purpose, and for the entire expense of the 

foundation and pedestal of the monument, the sum of fifteen thousand 

dollars is hereby appropriated out of any moneys in the Treasury not 

otherwise appropriated. 

Approved June 6, 1880. 

(Forty-sixth Congress, second session, chapter 116.) 

The Secretary of the Institution immediately informed Mr. Story of. 

this action of Congress, and requested his views on the subject and in- | 

formation as to his acceptance of the commission. 

This correspondence is as follows: 

‘¢ SMITHSONIAN INSTITUTION, 

““ Washington, D. C., June 10, 1880. 

‘“Srr: A bill providing for the erection of a statue of Prof. Joseph | 

Henry, late Secretary of the Smithsonian Institution, introduced by) 
Senator Morrill, has become a law. A copy of this is herewith inclosed. | 

‘As you will see, its essential points are the provision for a bronze ' 
statue of Professor Henry, to be placed in the Smithsonian grounds, » 
and that the total cost, including expenses for the pedestal, &c., shall! 
not exceed $15,000. 
. “IT beg to inquire whether you will accept the commission under’ 

these conditions; and presuming that you will, I forward herewith as» 

full a series of photographs of the illustrious deceased as can be sup- 
150 | 
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plied by the Institution. This series includes those which in the opinion 

of Professor Henry’s family are most characteristic likenesses. 

“T shall be pleased to have from you any communication on this sub- 

ject, and, if possible, designs for the proposed statue and pedestal, for 

communication to the Board of Regents at their next annual meeting 

in January, 1581. 
“As this Board is to decide upon the construction of the statue, it 

will not be possible to give you final authority in the matter until the 

Board shall have taken action thereon. 
‘“T am, meanwhile, very truly yours, 

“SPENCER F. BAIRD, 
“¢ Secretary. 

“cw. W. Story, Esq., 
“American Sculptor, Rome, Italy. 

Letter of Mr. Story to Professor Baird. 

“VENICE, July 15, 1880. 

“Sir: I have just received your letter of June 10, informing me of the 

pill lately passed by Congress, by which the Regents of the Smithsonian 

Institution are authorized to contract with me for a statue in bronze of 

the late Professor Henry, for the sum of $15,000, including the founda- 

tion and pedestal of the monument, and asking me whether I will accept 

this commission. 

“Mr. Senator Morrill had already communicated to me this entirely 

unexpected and agreeable news. Until his communication was made, 

Thad no notion that it was intended to erect such a statue, but I most 

willingly accept the commission, with hearty thanks to those friends 

who, without any knowledge on my part, put forward my name as the 

seuiptor. 

“« My recollections of Professor Henry are in every way most pleasant. 

He was very kind to me when I was last in Washington, and it will 

give me pleasure to do all in my power to make a statue of him worthy 

of his high distinction and his amiable character. 

The photographs which you have had the kindness to send have not 

yet arrived, but I have little doubt that they will supply me with the neces- 

sary material. As you say nothing of a mask in plaster from the face, 

I suppose none was taken. This I greatly regret, as it would furnish 

me, in connection with the photographs, the absolute facts of the face, 

as well as the character and expression. If such a mask was taken, or 

anything was ever made of him containing the exact measures of his face 

and features, I should be most glad to have them. If any bust was ever 

made, however bad, it would be of use to me in determining points of 

size and measurement. I hope, too, there may be among the photo- 

graphs some one or more in projile, or at least three-quarters face. Do 

not in such case be prevented from sending them merely because they 
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are bad in expression or otherwise. What I want is facts, and themore — 
I can have of these the better. They will not lead me astray as to ex- 

pression. Small facts and details may be explained in one which are 

not clearly determined in another, and enable me to make the head more 

living and true. 

‘J regret to hear that no absolute action can be taken by the Board 

before January 1, 1881. This will greatly delay the execution of the — 

statue, to which I was intending to devote myself immediately on my — 

return to Rome in October or November, ‘so as to be able to finish the 
model this winter. But if all final arrangement is postponed until Jan- 

uary before the absolute commission can be given and the contract 

made, the winter will have passed, and the execution of the statue will, 

I fear, be necessarily postponed for a year, as it is impossible for me to 

remain in Rome and exeeute the model during the summer without very 

great inconvenience and difficulty. 

‘““You wish me to send you, if possible, designs for the proposed statue — 

and pedestal, for communication to the Board of Regents at their an- © 

nual meeting in January, 1881. Of course I can do this, if they think it ~ 

advisable or necessary ; but I must frankly say—I hope they will excuse — 

me in so saying, as no kind of disrespect is intended, or want of confi- | 

dence in their taste and judgment—that I think, if they have any faith 

in my ability, it would be better for them to leave the conception and 
execution of the statue entirely tome. There is nothing so dangerous 

as to interfere with an artist in his design, or to judgeof it and criticise — 

it from a small model. The freer he is, the more responsible he feels, — 
and, if he has real ability, the less he is tampered with and directed, the 

better his work will be. If he has not the requisite ability to do it by 

himself, he should better not do it at all. No suggestions by any com- — 

mittee and no directions and alterations will ever make his work good. — 

My own experienve has been that this divided responsibility and design- 

ing has almost invariably resulted in dissatisfaction on both sides. The — 
artist can only do well with what isin his own mind, and not what is in — 
the mind of others, and my own judgment is that he does far better iy 

when left to himself, always provided he has real capacity for his work. — | 

If I may be allowed to allude to my own personal experience, I may add 

that in the case of almost the only public portrait statue of mine in 

America, the committee, composed of gentlemen of high taste and pre- 

tension to artistic culture, after rejecting my own first sketch, and in- — 

sisting on my altering the attitude and arrangement to meet their views, 

contrary to my notions, were finally persuaded, when the work was 

completed and it was too late, that they had been entirely wrong in 

dictating these changes, and regretted that they had interfered. Never- 

theless they threw upon me the responsibility which belonged solely to 

them. I made their statue and not mine, and they were disappointed, 

as I foretold that they would be. But Ido not need to speak of my 
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own personal experience; the experience of all artists is the same on 

this point. 

“ However, if despite this, the Board desires me to send them a sketch 
IT can do so; but of course, as I have stated, this will delay the statue 
for a year, and I cannot see the advantage. 

“Tn fact, I have already made a sketch of the statue since I received 

Mr. Morrill’s communication. But I doubt whether it would mean as 

much to you and to the Board of Regents as it does to me; whether you 
would rightly understand it in its roughness, and whether you would not 

look for that finish which no free sketch ought to have, and rather look 
to details than to matters and balance of composition, which are the all 
in all of a sketch. I say this because I know one case where a sketch 

was rejected because the likeness in the face was not striking, as if any 
true artist would, in a mere sketch, attempt exact portraiture of the face. 

It would be equally good as to composition and design with no face at 

all, if it had the just movement. 
“You say nothing as to details of the commission, or the size of the 

statue, or the place where it is to be erected, or its surroundings. Is it 

to be in the open air, or under cover in the buildings? Is its back- 

ground trees, sky, or building? All these are very important consider- 

ations in view of its effect and of its size. 

“take it for granted that the pedestal is to be a simple one, and not 

to have illustrative bas-reliefs or figures, inasmuch as the sum appro- 

priated for the whole thing is less, or certainly not more, than what is 

ordinarily paid for a statue alone without pedestal or foundation. I 

also suppose by the reading of the act of Congress that this sum is to 

cover the cost of the statue and “the entire expense of the foundation 

and pedestal,” and this is all. It does not, as I understand it, include 

boxing, transportation, insurance, and placing, as they are distinetly 

not mentioned. 

“Can you give me an estimate of the cost of making the foundation, 

and approximate price of a simple pedestal executed in Washington, in 

marble or red granite, or stone of any appropriate kind? This would 

guide me in determining where I should make the pedestal, whether 

here or in Washington, and of what material. 

“As to the sum of $15,000 appropriated by Congress, does interest run 

upon it from the date of the enactment? In regard to payment I sup- 

pose you are aware that the ordinary rule is to advance to the artist 

one-half the sum when the commission is given, or the work commenced, 

to enable him to meet the necessary outlay and expenses, without re- 

course to his own pocket. 

‘1 mention all these particulars in order to avoid all misunderstanding. 

“T again recur to the question of time, and I earnestly hope that it will 

be possible for the Board of Regents to arrange definitely this whole mat- 

ter at a much earlier period than that mentioned in your letter, Viz: 

January 1, 1881, as it will involve the loss of a year. If I could have 
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the commission and authorization to commence the work by the 1st of 

October or November, I could finish the model by the spring and imme- 

diately arrange for its casting in bronze during the summer so as to 

have it ready to send to Washington by the 1st of October following 

(1881). 

‘‘1 suppose that the Board of Regents is equally interested with myself 

in desiring the statue to be finished as soon as possible, and if they will 

definitely authorize me to begin the model by the ist of November, I 
can promise, unless some unforseen accident occurs, to finish it in bronze 

by the 1st of January, 1882; otherwise I fear we shall have to put it 

forward to January, 1883. 
‘If the Board of Regents have faith in my ability and will trust me to © 

follow out my own ideas in this statue, [ will pledge myself to do my 

best to satisfy myself and them, and to spare no pains to give them a 

statue worthy of the subject, worthy of the place, and satisfactory to 

the family, friends, and admirers of Professor Henry. 

‘You must not expect too much. The male costume of the present 

day is crude, graceless, and thoroughly unsculptural. But I will do 

what I can to hide its awkwardness and ugliness without falsifying 

truth and fact, and endeavor to render the statue serious and dignified 

and natural. Isuppose that Professor Henry had no academic costume, 

and that there is no peculiar professional dress in which he could be 

represented. If there be, and the Board of Regents is willing that I 

should clothe the statue in such a dress, I should most gladly do it.” 

Then I should be able to drape him in some way at once dignified and 

true to fact. The academic costume could be treated so as to make an 

imposing statue. Insuch case, would you have the kindness to forward 

to me the dress, that I may use it to model from? The silk academi¢ 
robes would be admirable and advisable, but I scarcely dare to hope 

that he wore one, or that I may use it. What did he wear? If this 

academic dress is out of the question, what may I represent him in? ~ 

Did he wear a cloak ? 
“The sketch I have made representshim as in a buttoned frock-coat, | 

over which is a loose open sack; it is in the attitude of meditation ; his | 
head bent slightly forwards, looking down, one hand resting on a desk ~ 

or stand at his side, by which to break the horrible uniformity of the two ) 

legs of pantaloons, and give breadth and dignity to the base, and one ° 

hand across the breast midway, at the place of the upper button of the » 

buttoned coat; on the stand are books on which his left hand is placed. | 

On the whole, those who have seen it, think it simple, dignified, and | 

thoughtful. If itis to be made in coat and trousers, I doubt if I could | 

do better, but I shall think it over and make other sketches. 
“¢ Will you be kind enough to send me any memoir that may exist of / 

Professor Henry, so that I may have a more thorough knowledge of his * 

character and services and labors than I now have. I beg you not to» 
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forget this, asit will greatly assist me in determining the exact character 

to be given to the statue. 

“T have written you avery long letter inthe hope of clearing the way 

of all obstacles, and of letting you understand exactly what my views 
and wishes are. 

“Yours, faithfully, 

OW, Wir SLORW:? 

During the recess of Congress it was found impracticable to call a 

meeting of the Regents, but their views were asked individually by the 

Secretary as to the power of the Executive Committee to make a formal 

contract with the artist and enable him to go on with the work. 

The opinion of the majority was that this power could be exercised 

by the Executive Committee. A meeting was therefore called of this 

Committee on the 13th of November, 1880, when the subject was fully 
considered and the following action taken: 

“ Resolved, That the Secretary of the Smithsonian Institution inform 

Mr. Story that the Executive Committee authorize him to proceed in 

the execution of the bronze statue ordered by Congress June 1, 1880, 

according to his own plan and designs, but that this Committee is not 
empowered to make a formal contract for this purpose, although war- 

ranted in such action by the individual expressions of Regents as con- 

tained in letters received by the Secretary. 

“Resolved, That a special meeting of the Regents be called on the 8th 

of December, 1880, to consider the subject, and if the action of the Ex- 
ecutive Committee is not confirmed, a cable message be immediately 

sent to Mr. Story, and, if approved, a contract in due form be made out 

and transmitted to him.” 

This action of the Committee was communicated to Mr. Story by the 

Secretary on the 13th of November. 

Another subject demanding the consideration of the Board has been 

presented to the Executive Committee. 

A committee of citizens of Washington having presented a request 

for the use of the new National Museum building for a reception to the 

President of the United States elect, on the 4th of March next, after a 

full consideration of the subject, in view of the fact that the building is 

unfinished and not yet occupied as a Museum, and that such a contin- 

gency would not again occur and would not therefore furnish a prece- 

dent ; in view also of the fact that the expense of erecting a suitable 

building would be very great and unnecessary, and, moreover, that the 

President elect is and has been for many years a member of the Board 

of Regents, whose aid and influence contributed materially to the erec- 

tion of the new Museum, the Committee adopted the following: 

‘¢ Whereas an application has been received from a committee of citi- 

zens for the use of the unfinished building of the National Museum, for 
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the purpose of a public reception to the President elect, Hon. James A. 
Garfield, on the evening of the 4th of March next; therefore, 

“‘ Resolved, That the Executive Committee submit this application to 

the Board of Regents at its next meeting, with its approval and with 
the recommendation that the request be granted.” 

The Committee furthermore make the following statement: 

The new National Museum building has been substantially com- 

pleted and made ready for occupancy within the appropriations by Con- 

gress. A detailed account of the history of operations of its construe- 

tion will be presented at the annual meeting of the Board in January 
next. 

The Building Commission has refrained from completing the floors of 

the rotunda and large halls or naves according to the original plans, 

which provided only for concrete and cement, on account of the remon- 

strances of prominent members of Congress, who urged that such floors 

were unsuitable to, and unworthy of, so fine a building, and their assur- 

ances that appropriations would doubtless be made at the approaching 

session of Congress for marble or tile floors for these halls. 

The Committee report that provision has been made so that the floors 

of the rotunda and four naves Jeading to the main entrance of the build- 

ing may be laid in marble or tile instead of cement, and that if an ap- 

propriation of $25,000 be made immediately, the building will be ready 

for the reception of the President on the 4th of March next, fully adapted 

and provided with heat, light, and all the facilities required for the oe- 

casion. 

In conclusion, the Committee respectfully submit the following reso- 

lutions to the Board for adoption : 

““ Resolved, That the Chancellor and Secretary of the Smithsonian In- 

stitute execute a contract with Mr. W. W. Story, of Rome, for the statue 
in bronze of the late Prof. Joseph Henry, authorized by the act of 

Congress of June 1, 1880, with the provision for payment of the sum of 

$3,750 to Mr. Story on completion of his design for the statue; the sum 

of $3,750 on completion of the model in clay ; the sum of $3,750 on com- 

pletion of the statue in bronze; and the sum of $3,750 on delivery and 
erection of the statue with its pedestal in the city of Washington, on 
the grounds of the Smithsonian Institution, and furthermore that Mr. 
Story shall cause the said statue to be insured for the amount of the ad- 

vance payments to him, against perils by land or by sea, which insur- 

ance shail, in case of loss, be paid to the Smithsonian Institution for the 
benefit of the United States. 

‘Resolved, That for the purpose of substituting a marble or tile floor- 

ing, instead of concrete, as originally designed, for the large halls in the 

National Museum, an appropriation of twenty-five thousand dollars be 

requested of Congress, to be expended according to the plans and under 

the direction of the building commission of the Board of Regents of the 
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Smithsonian Institution, under whose supervision the Museum has been 
erected. 

“Resolved, That the use of the new National Museum building be 

granted for the inaugural reception of the President of the United States 

on the 4th of March, 1881, and_ that the Secretary be authorized to 
make all necessary arrangements for this purpose.” 

Respectfully submitted. 
PETER PARKER, 

W. T. SHERMAN, 

Executive Committee. 

WASHINGTON, 8th December, 1880. 



REPORT OF THE EXECUTIVE COMMITTEE OF THE BOARD OF 
REGENTS OF THE SMITHSONIAN INSTITUTION FOR THE 
YEAR 1880. 

The Executive Committee of the Board of Regents of the Smithsonian 

Institution respectfully submit the following report in relation to the 

funds of the Institution, the appropriations by Congress for the National 

Museum and other purposes, the receipts and expenditures for both 

the Institution and the Museum for 1880, and the estimates for the 
year 1881. 

Condition of the funds January 1, 1881. 

The amount originally received as the bequest 

of James Smithson, of England, deposited 

in the Treasury of the United States, in 

accordance with the act of Congress of 

AmouUst LO ISAC. cee eho. Oech Soden: $515, 169 00 
The Hectaleeies legacy of Smithson, received 

in 1865, added to the fund, by authority of 

Congress, February 8, 1867 Bie uray Near dao 26, 210 63 

Amount added to the fea derived from sav- 

ings, &e., by authority of Congress, Febru- 

ary 9, 1S61 wens MND ee Bicrateee sane 108, 620 37 

—————— $650, 000 00 

Amount added to the fund from the bequest 

of James Hamilton, of Pennsylvania, 1874. 1,000 00 

Amount added to the fund from the bequest 

of Dr. Simeon Mabel Ml S80ic-) eas. ace 500 00 - 
ee i ieee 

Total permanent Smithson fund in the Treasury of the 

United States bearing interest at 6 per cent., payable 

RembisaTaMaley, | ic tele ie ects wena siete ve She Gk eee 651, 500 00 
In addition to the above the Institution has ipyented in 

Virginia bonds and certificates $88,125.20, valued Janu- 

Aryels SSL ab acs cae rise corewlalese let vdiawe os + clee) oe eee One 
Also the cash balance in the United States Treasurer’s 

hands January 1) 1880.22.02. .ce sess Savoie Stas ene 20, 934 52 

Total Smithson funds January 1, 1881 ........-.-. $719, 434 52 
158 
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The following is a statement of the receipts and expenditures for the 
year 1880: 

RECEIPTS. 

Interest on $650,000 for the year 1880, at 6 per cent. ...... $39, 000 00 

Interest on Virginia bonds, sale of coupons by Riggs & Co. 
for January 1 and July 1, 1880, for $3,522 (November, 
ii, LSS0) LESS COMM ISSIOME C: palersfore sc yeyatersiala wicenyoa oes e 3,239 76 

Interest on Hamilton fund of $1,000 for the year 1880.... . 60 00 

Interest on the Habel fund of $500 from March 15, 1880, to 

Wecember ll SSOj ss ape ekes ails ciapy = 9 alate waialoins cree = 23 88 

42, 323 64 
Balance on hand at the beginning of 1880................ 20, 894 06 

ROLAIRLOTPLS SO c= eyeycr Vereen eis heey referee, oT AA SC 63, 217 70 

EXPENDITURES. 
Buildings: 

Repairs and improvements..........--.....-- $1, 722 71 
BOIUMUCUTS ANG MRLUTES -.-cie-0+2'< ato eeheais eae aise 369 15 

——__——— $2,091 86 
General expenses : | 

Micevacs ofthe Board... 25s... «esse eeisines 327 25 

irchinne the ull ding) 620 ss eels sa oe ce ce 29 15 

Preiano the) DiilGinge So ese ene as 572 11 

Postage and telegraphing .................-.. 324 74 

PeetOMOLY re emacs Stel ate ae Na Sire sate eee 888 07 

Incidentals, blanks, hauling, &c........-.---- 853 76 
“SuSE 200 eld Saleen e ls rel ann eas 12,700 00 
Extra clerk hire and labor............-. Bee oe 295 00 

Books and periodicals .......--..--+-.-5.-+-- 889 71 
——_-———._ 16,879 79 

Publications and researches: 

Simaithsonian Contributions ...2..-.--....-.-.. 5, 358 95 
Smithsonian Miscellaneous Collections ...... - 4,844 66 
Eaithsonian annual reportS....-..-..-..-.--- 731 66 

— > aS LEELTECOL OCIS a a le gt es ei 400 44 

BPR NCOMS eres se ok ease sete ee ce tee toate 1,191 59 
MMEROR ARO, 2's 2 Seorahs 2 > «sto se eae ciste ss beers 194 68 

Exchanges: 

Literary and scientific ........... Par enon ne tena a Meta te 9,996 05 

Gallery of art: 

BEER ARC OM TLICLOS ate er make a tA sd, Sis tek 93 50 

Increase of the permanent fund: 

Deposited in United States Treasury as Habel bequest .... 500 00 

MeL AO X PEM CUTE Spe pret ais eae esr hale hd Ateays w5 Sel Sots 42, 283 18 
Balance on hand in Treasury of the United States January 

© ASST Ss Sears I ee RR a arate 20, 934 52 
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VIRGINIA STOCK. 

The Institution owns the following bonds and certificates : 

Consolidated bonds : 

58 bonds, Nos. 11521 to 11578 inclusive, for $1,000 
GULP IMAG aa aso Sea $so0Sc Sot odu bios so aaee $58, 000 00 

impound, Nolt330 Ate creer eee eee ats 500 00 
2 bonds, Nos. 4191 and 4192, for $100 each .... 200 00 

$58, 700 00 

These are deposited with the Treasurer of the United 

States. 

Deferred certificates : 

1 icentiticate. ONG: 4543 ic.) jee sisisc)2's sos ae - eis 29, 375 O7 

PGOrbinieate, INO: 2069 .. j1c0 ce Seine smite ciel eee 50 13 
——_—_——_ 29, 425 20 

——— 

These are deposited with Riggs & Co. 

Total par value of Virginia securities .-.--.--.---2------ 88, 125 20 

The estimated value of which by Riggs & Co. January 1, 

USSL IS ee ees caine see ae ce aw See eee eee 47, 000 00 

The coupons on the consolidated bonds are receivable for taxes in 

Virginia, and were sold for the Institution by Riggs & Co. November 27, 

1880, viz, $3,522 at an average of 92, yielding $3,239.76. (See Receipts.) 
It is gratifying to notice the improvement of the Virginia securities, 

the increased value of those held by the Institution being $15,910 since 

the report of the committee last year. 

HAMILTON BEQUEST. 

The Institution derived from the bequest of James Hamilton, of Car- 

lisle, Pa., February 24, 1874, one thousand dollars, the interest on which 
is to be appropriated biennially for the promotion of science. The prin- 

cipal is deposited in the Treasury of the United States as an addition to 

the permanent Smithson fund. The interest received on this fund dur- 

ing 1880,’was $60. 

HABEL BEQUEST. 

Among the receipts for the year 1879 was a bequest of $402.59, by 

Dr. Simeon Habel, of New York. With the sanction of the Executive 

Committee, the Secretary added to this sum $97.41 from the annual in- 

come of the Institution to increase it to $500, and this was deposited in 
the United States Treasury asa part of the Smithson fund, to be known 
as the Habel bequest. This deposit was made on the 15th of March, 

1880, the interest on which to the end of the year was $23.88, as specified 

in the receipts. 
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ESTIMATES FOR 1881. 

161 

The following are the estimates of receipts by the Institution for the 

year 1881, and of the expenditures required for carrying on its operations 

during the same period : 

RECEIPTS. 

Interest on the permanent Smithson fund re- 

ceivable July 1, 1881, and January 1, 1882. . $39,000 00 

Interest on the Hamilton fund..............- 60 00 

Saeerest om the: Habel funds 22 iis. sks 30 00 

Sale of Virginia coupons, due January 7 and 

lvMEME SOI 2 No scale dese sed 2s Seat & fapete ets 3, 000 00 

EXPENDITURES 

SAP UICING 525 So ee ee Sa ey Ee $2,000 00 

BME TIAMEIOS? saictaja/eusioe Scie) cfs o 2 favs Seis io a\elm ales 12, 700 00 

For general expenses other than salaries..... 1,300 00 

For publications and researches............. 14,000 00 
SEECOXCNANI GES s(/ 15.5). 26) oe wins Poe Oe 10, 000 00 
Hor books and apparatus ..............--..- 1,000 00 
MPPTC OMIM ON CIOS 2) 05. als alate sci whe ae eeintor 1,090 00 

$42, 090 00 

$42,090 00 

NATIONAL MUSEUM AND OBJECTS COMMITTED BY CONGRESS TO THE 

SMITHSONIAN. 

The following appropriations were made by Congress in 1880, for dis- 

bursal under the direction of the Smithsonian Institution : 

Preservation of collections, Smithsonian Institution: “ For 

preservation and care of the collections of the surveying 

and exploring expeditions of the government and the ob- 

jects presented to the United States at the International 

Exposition of 1876.” (Forty-sixth Congress, second ses- 

PRMPECHADLEE 2o0s 1880)" Sho sete a can fad csm sie s aeee 

Balance emaile January 1, 1881, $23,273. IT. 

Preservation of collections, Smithsonian Institution—Armory 

Building : “‘ For expense of watching, care, and storage 

of articles belonging to the United States, including those 

transferred from the International Exhibition of 1876, 
and for transfer to the new National Museum.” (Forty- 
sixth Congress, second session, chapter 235; 1880) ..-. 

Balance available, $1,366.05. 
5. Mis) 31——1]. 

$45, 000 60 

2,500 00 
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For furniture and fixtures, National Museum: “ For cases, 

furniture, and fixtures for the reception, care, and exhibi- 

tion of the collections of geology, mineralogy, ethnology, 

technology, and natural history, presented to the govern- 

ment by foreign nations.” (Forty-sixth Congress, second 

session, Chapter, 2305, 1880) i... 2 enor erage $50, 000 00 
Balance available, $44,251.07. 

‘‘ For a steam-heating apparatus and for fuel: to be im- 

mediately available.” (Forty-sixth Congress, second ses- 

sion, chapbere2po0)s 1380) 00.0. F..20. << eee eee eee 25, 000 00 

‘‘ For water, gas fixtures, and electrical apparatus, to be 

immediately available.” (Forty-sixth Congress, second 

sessiouschapter Zoo; 1880) 2... <).)o- ow eae Be eters 12,500 00 

Balance available, $5,050.33. 
‘For construction of relieving sewer, with the necessary 

manholes and traps from. the new National Museum 

building to the Seventh street sewer.” (Forty-sixth 
Congress, second session, chapter 235; 1880).....-.... 1,000 00 
No portion expended. 

‘““For the purpose of continuing ethnologic researches 

among the North American Indians under the direction 

of the Secretary of the Smithsonian Institution.” (Forty- 

sixth Congress, second session, chapter 235; 1880)..... 20, 000 00 

Balance available, $7,308.32. 
‘For completing the preparation, with the necessary illus- 

trations, of the report of Dr. Emil Bessels, of the scien- 
tific results of the Arctic expedition under the late Capt. 

C. F. Hall, to be expended under the control of the Smith- 
sonian Institution.” (Forty-sixth Congress, second ses- 

sion, Chapter, 204 USSO) 225i y. a See ae alee a yee ee 8, 000 00 

Balance available, $6,183.66. 

CONCLUSION. 

The Executive Committee has examined 682 vouchers for payments 

made from the Smithson income during the year 1880, and 791 vouchers 

for payments made from appropriations by Congress for the National 

Museum; making a total of 1,473 vouchers. All these bear the approval 

of the Secretary of the Institution and a certificate that the materials 

and services charged were applied to the purposes of the Institution or — 

the Museum. 
The Committee has examined the account-books of the National 

Museum, and find the balances remaining on hand as before stated, viz: 
“Preservation of collections,” $23,273.17; ‘“‘Armory building,” $1,366.59 ; 
“Furniture and fixtures,” $44,251.07, to correspond with the certificate 

of the disbursing clerk of the Department of the Interior, and the bal- 
ance for ‘“fire-proof building for National Museum,” $5,050.33, “ Polaris 
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report,” $6,183.66, to correspond with the certificates of the disbursing 
officer of the Treasury Department. 

The quarterly accounts-current, bank-book, check-book, and journals 

have likewise been examined and found to be correct. 

The balance to the credit of the Institution proper, on the 1st of Jan- 

uary, 1881, in the hands of the Treasurer of the United States, available 
for the current operations of the Institution, is $20,934.52. 
_ Respectfully submitted. 

PETER PARKER, 
W. T. SHERMAN, 

JOHN MACLEAN, 
Executive Committee, Smithsonian Institution. 

WASHINGTON, January 18, 1881. 



JOURNAL OF PROCEEDINGS OF THE BOARD OF REGENTS OF 
THE SMITHSONIAN INSTITUTION. 

WASHINGTON, December 8, 1880. 

A meeting of the Board of Regents of the Smithsonian Institution was 

held this day at 10.30 o’clock in the Regents’ room of the Institution. 

Present: The Chancellor, Chief Justice Waite; Hon. W. A. Wheeler, 
Vice-President of the United States; Hon. H. Hamlin, Hon. R. E. 

Withers, Hon. N. Booth, Hon. H. Clymer, Hon. Joseph E. Johnston, 
Hon. Peter Parker, General William T. Sherman, Prof. H. Coppée, and 
Professor Baird, Secretary. 

The Chancellor stated that this was a special meeting of the Board 

called at the request of the Executive Committee. A report of this 

committee was presented by the chairman, Dr. Parker. 
After a full discussion of the subjects presented in the report, the 

following resolutions were unanimously adopted. 

(In reference to the statue of Professor Henry.) 

Resolved, That the Chancellor and Secretary of the Smithsonian In- 

stitution execute a contract with Mr. W. W. Story, of Rome, for the 
statue in bronze of the late Prof. Joseph Henry, authorized by the act 

of Congress of June, 1, 1880, with the provisions for payment of the 

sum of $3,750 to Mr. Story on completion of his design for the statue ; 

the sum of $3,750 on completion of the model in clay ; the sum of $3,750 
on completion of the statue in bronze; and the sum of $3,750 on deliv- 

ery and erection of the statue with its pedestal in the city of Washing- 

ton, on the site to be selected by the Executive Committee ; and fur- 

thermore that Mr. Story shall cause the said statue to be insured for 

the amount of the advance payments to him against perils by land or 

by sea, which insurance shall, in case of loss, be paid to the Smith- 
sonian Institution, for the benefit of the United States. 

(In reference to the new Museum building.) 
Resolved, That for the purpose of substituting a marble or tile floor- 

ing instead of concrete as originally designed for the large halls in the 

National Museum, an appropriation of $25,000 be requested of Congress, 

to be expended according to the plans and under the direction of the 

Building Commission of the Board of Regents of the Smithsonian In- 

stitution, under whose supervision the Museum has been constructed. 

(In reference to the use of the new Museum for the inaugural recep- 

tion.) 

Whereas the new Museum building is unfinished and not ready for | 

occupancy for the government collections, and such a contingency will 
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not again occur, and that no precedent is to be given for the use of the 
building for other purposes : 

Resolved, That the use of the new National Museum building be 

granted for the inaugural reception of the President of the United 
States, on the 4th of March, 18381, and that the Secretary of the Smith- 

sonian Institution be authorized to make all necessary arrangements 

for this purpose. 

The Board then adjourned, at 12:30 P. M. 

WASHINGTON, January 19, 1881. 

In accordance with a resolution of the Board of Regents of the Smith- 

sonian Institution fixing the time of the beginning of the annual session 

on the third Wednesday in January of each year, the Board met to-day 

at 10:30 o’clocl® A. M. 

Present: The Chancellor, Chief Justice M. R. Waite; the Vice-Presi- 
dent of the United States, Hon. W. A. Wheeler; Hon. R. E. Withers, 
Hon. H. Clymer, General W. T. Sherman, Hon. Peter Parker, Rev. Dr. 

John Maclean, Dr. Henry Coppée, Dr. Noah Porter, and the Secretary, 

Professor Baird. 

Excuses for absence on account of sickness were received from Hon. 

Hannibal Hamlin and Hon. Newton Booth. The minutes of the last 

meeting were read and approved. The Secretary presented a statement 

of the finances of the Institution. 

Dr. Parker, Chairman of the Executive Committee, presented the an- 

nual report of the Committee, which was read. 
On motion of Dr. Porter the following resolutions were adopted: 

Resolved, That the report of the Executive Committee for 1880 be ac- 
cepted. 

Resolved, That the income for the year 1831 be appropriated for the 

service of the Institution upon the basis of the above report, to be ex- 
pended by the Seeretary with full discretion as to the items, subject to 

the approval of the Executive Committee. 

General Sherman, Chairman of the National Museum Building Com- 

mission, presented a report of the operations of the Commission and of 

the Architects for the year 1880, which were read, and, on motion of Mr. 

Clymer, accepted. 
The Seeretary stated that he had been informed by the American 

Consul at Genoa, Italy, that the corner-posts of the railing around the 

tomb of James Smithson required resetting and the fence straightening, 

and he asked authority to have this done. 

On motion of General Sherman it was 
Resolved, That suitable measures be taken by the Secretary for the 

repair and preservation of the tomb of Smithson and its inclosure. 

The Secretary presented his annual report of the operations, expendi- 

tures, and condition of the Institution for the year 1880, which was read 

in part. 
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On motion of General Sherman it was 

Resolved, That the annual report of the Secretary be accepted and 

transmitted to Congress. 

Dr. Coppée offered the following resolution, which was adopted. 

Resolved, That the thanks of the Board of Regents are due and are 

hereby presented to Mr. William J. Rhees, the Chief Clerk of the Insti- 

tution, for the excellent, accurate, and interesting manner in which, 

under the direction of the Secretary, he has collated and edited the 
volumes entitled, respectively, 

L “Ehe Sra eeeen Institution; documents relative to its origin and 

history.” 

2. “Journals of the Board of Regents, reports of Gommitane, Statis- 

ties, &c.” 

3. “The Scientific Writings of James Smithson.” , 
4, “James Smithson and his bequest.” 

Hon. Mr. Withers made a statement, by request, in regard to the Vir- 

ginia securities, and on motion of Mr. Clymer it was 

Resolved, That the Executive Committee may at their discretion 
dispose of the Virginia securities owned by the Institution, to wit: 58 

consolidated bonds, Nos. 11521 to 11578, inclusive, for $1, 000 each; 1 

consolidated bond, No. 1380, for $500; 2 consolidated bonds, Nos. 4191 
and 4192, for 8100 each; 1 deferred certificate, No. 4545, dated July 1, 

1871, for 82 29,375.07, ana 1 fractional certificate, No. 2969, dated July 1, 

1871, for $50. 13, and deposit the proceeds in the Treasury of the United 

rites as a part of the permanent fund, as authorized by the act of Con- 

gress of February 8, 1867. 

Resolved, That Spencer F. Baird, Secretary of the Smithsonian Insti- 

tution, be, and he is hereby, authorized, in person or by attorney, to 
transfer to any person or persons the certificates of debt of the State of 

Virginia now standing in the name of the Regents of the Smithsonian 

Institution, to wit: Deferred certificate, No. 4543, dated July 1, 1871, 

for 829,375. 07, and fractional certificate, No. 2969, dated ae! 1, 1871, 

for $50.13. 

The Secretary stated that several applications had been received for 

the use of the new Museum after the inauguration of the President on 

the 4th of March next, which had been referred to the Executive Com- 
mittee. 

The point of order was raised that the applications could not be 

entertained, the Board having already decided that the use of the build- 
ing was to be granted only for the inaugural reception of President 

Garfield. 

The point of order was sustained by the Chancellor. 

The Board adjourned at 12:30 P. M., sine die. 



REPORT OF THE NATIONAL MUSEUM BUILDING COMMISSION 
FOR 1880. 

WASHINGTON, D. C., January 15, 1881. 

To the Board of Regents of the Smithsonian Institution : 

GENTLEMEN: At your annual meeting on the 19th of last January, 

the National Museum Building Commission submitted a report of opera- 

_ tions in connection with the new building for the National Museum, from 

their inception to the close of 1879. 

In that report attention was called to the necessity for increased 

accommodations for the national collections in charge of the Smithsonian 

Institution; to the endeavors of your Board if previous years to obtain 

from Congress ‘an appropriation for the same, and to their final success 

in 1879 in securing an appropriation of $250,000 for the purpose. 

Mention was also made that the Executive Committee of the Board of 

Regents and the Secretary of the Institution, who are charged by resolu- 

tion of the Board of January 17, 1879, with the duty of “ carrying into 

effect the provisions of ary act of Congress that might (may) be passed 

providing for the erection of a building for the National Museum,” had 

organized under the title of “ National Museum Building @hunniseiaa 

Also, you were informed of the action of the Commission in early 

adopting such measures as appeared to it best calculated to realize with 

the least possible delay the intention of Congress in making provision 

for a new building; of the employment of Messrs. Cluss & Schulze as 

superintending architects; of the acceptance by General Meigs of the 

invitation of the Commission to act as its consulting engineer; and of 

the opinions of Mr. Edward Clark, Architect of the Capitol, and General 

Meigs as to the sufficiency of the appropriation for the erection of a 

building in accordance with the plans approved by Congress. Reference 

’ was also made to the action of the Secretary of the Treasury in detailing 

an officer of the Treasury Department to disburse the appropriation, by 

_ which action the fund was made immediately available. In addition, a 

resumé was presented of the active operations in the construction of the 

building whereby you were made aware that ground was broken on the 

1ith of April, 1879; that the concrete foundations were begun April 29; 

that the brick work of the walls was commenced May 21, and that the 

walls were completed on the 1st day of November. 

Moreover, mention was made of the good fortune of the Commission 
in securing exceedingly favorable contracts, especially for the brick and 

iron work, previous to the early subsequent rapid advance in the prices 
167 
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of iron and other building materials; of the fact that the cost of the 
heating apparatus was not included in the estimate of $250,000, and that 

therefore an appropriation of $25,000 for this item had been asked of 

Congress; and, finally, of the then pending efforts of the Commission to 

settle the question of material for the cases, whether this should be wood 
or iron. 

Besides information upon the points above specified, an appended re- 

port of the architects presented an interesting technical and descriptive 

record of the plan and design of the building and a detailed exhibit of 

the expenditures on account of construction to the close of the year 1879. 

In the present report, therefore, it is only necessary for the Commis- 

sion to review the operations of the year just ended. 

The iron work of the roofs was satisfactorily completed by the latter 

part of March, and the tin work and slating early in April? 

The plastering, which was done partly by day’s work and partly under 

contract, was begun early in March and finished by the latter part of 

July. The plaster of the slate roofs is laid directly on the slate, and that 

of the low, flat roofs on gratings fastened between the iron girders of the 

roof and rendered fire-proof by a filling of mortar composed of plaster 

of Paris and ashes—a form of ceiling suggested by General Meigs. 

The painting and glazing has been satisfactorily done. In the inter- 

est of economy in heating, it was decided to put both an inner and an 

outer glass in the sash of all outside windows. 

The supply-pipes for water and gas were laid by the close of February 

and the work duly inspected and approved. 

The wood floors have all been put down, excepting in the four square 

halls. In the four main halls, or naves, and in the rotunda of the dome 

it was originally intended to lay concrete, but owing to urgent remon- 

strances against the use of this material as not being in keeping with 

the architectural beauty and design of the building, Congress has been 

asked for an appropriation of $25,000 to defray the expense of a marble 

or tile floor for these halls. The request for this appropriation was in 

accordance with a resolution of the Board of Regents of December 9th, 

1880. 

The heating apparatus is also in, and, with the exception of bronzing 

a number of the radiators, Messrs. Baker, Smith & Co. have completed 
their contract for this work. During the recent severe weather the ap- 

paratus was subjected to a test more severe than will be likely to occur 

again for a number of years, and it is a matter of congratulation to the 

Commission, as wellas to the contractors, that the work gives entire 
satisfaction. 
A most economical arrangement connected with this heating appa- 

ratus is that of two automatic traps whereby the condensed steam is 

again brought to the boilers. While by this arrangement both time and 

fuel for heating fresh water are saved, the fear of a lack of supply of 
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water to the boilers is eliminated, that originally used sufficing for at 
least seven days. 

The work of putting in the wires for the burglar-alarm telegraph, 

telephone, and electric clocks and call-bells, which was begun in the sum- 

mer, is now nearly finished. These wires, which are run through under- 

ground trenches, either specially constructed for the purpose or for heat- 

ing-pipes, will extend from a room in one of the north towers to each 

window, door, and case in the entire building, and also to the police and 

fire-alarm telegraphs. This electrical arrangement will constitute a val- 

uable feature in the economy of administration of a structure so immense 

as, and of the peculiar construction of, the new Museum building, since 
it will lessen the necessity for a large corps of watchmen and attendants, 

the locality of any attempt on the part of designing persons to open a 

window, door, or case being at once automatically indicated in the cen- 

tral office, or instrument room, where a watchman will be on duty at all 
hours. 

As the original estimates upon which the appropriation of $250,000 

was based did not include a provision for the expanded system of water 

and gas fixtures and electrical apparatus, an appropriation of $12,500 

was requested therefor and readily secured. 

In addition to the above, an appropriation of $1,000 * was secured for 

a sewer to connect with the B street sewer to relieve the building from 

water, which, on account of the inadequacy of the Seventh street sewer, 
during heavy rains, backs up in the pipes and floods the cellars. This 

relieving sewer will be constructed under the supervision of the engi- 

neer of the District of Columbia, Lieutenant Hoxie. 
For fuller information, however, the Board is respectfully referred to 

the appended report of the superintending architects, which also presents 

a detailed exhibit of expenditures. 
During the year past the Commission has wee as often as was deemed 

necessary. General Meigs, as consulting engineer, has generally been 

present at the sessions of the Commission, while, as during the previous 

year, his visits to the new building have been frequent and his inspec- 

tion of the work close and critical. 
In closing this report the Commission is happy to state that the build- 

ing, with the erection of which it was charged, is substantially finished, 

and that it hopes at the next annual session of the Board to be able to 

congratulate the Regents on its entire completion and occupation. 

Respectfully submitted. 
W. T. SHERMAN, 

PETER PARKER, 
SPENCER F. BAIRD, 

National Museum Building Commission. 

WASHINGTON, January 18, 1881. 

*This has been increased to $1,900 in accordance with the revised estimates of the 

engineer of the District. 
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REPORT OF THE SUPERINTENDING ARCHITECTS OF FIRE- 

PROOF BUILDING FOR NATIONAL MUSEUM, 1880. 

WASHINGTON, D. C., January 1, 1881. 

To the National Museum Building Commission, Smithsonian dnsbinutiong 
Washington, D. C.: 

GENTLEMEN: We have the honor to report to you the completion of 

the new building under the appropriations available for the purpose, 

and simultaneously to submit a report of operations on the construction 

of the building since January 1, 1880, the date of our last report. 

The progress of the work was such that the plastering of the building 

could be commenced as soon as the state of the weather permitted it, 

in the early part of the spring. It was completed by the middle of 

August, and, after this, miscellaneous work for finishing, such as iron 

balconies, railings, and stairways, were put up, all the offices were 
floored and put in readiness for occupation, the cellars were laid with 

asphaltic concrete, the wooden floors of all the outside halls were laid 

upon a solid bed of hydraulic cement-concrete, and a concrete base was 

laid for the floors of the main and square halls. All the numerous de- 

tails of the steam-heating apparatus were attended to so that steam 

could be put on with the advent of the cold weather; and though the 
heavy walls and piers were considerably chilled by long-continued ex- 

posure during the early fall and the excessive moisture in the unfinished 

building, a comfortable heat was obtained within a few days and was 
maintained during the coldest days of this unusually severe winter, no 

more than a reasonable amount of fuel being used for heating the vast 

space of about 3,500,000 cubic feet inclosed within the walls and roofs 
of the building. 

The asphalt facing of the floors of the main halls and rotunda, as in- 

tended under the estimates, has not been put on, since with hardly any 

difference of opinion it was held that nothing less than a chaste tiling 

would do justice to the building, and provision ought to be made for 

this without delay. On the other hand, much more than an equivalent 
of the cost of this surfacing has been spent on work not included in the 

estimates, but deemed more important for the opening of the building 

at as early a date as possible. 

The approaches to the building, for which always a separate estimate 

is brought before Congress, have been mostly finished under the orig- 

inal appropriation. We may be allowed to state a few of the items not 

originally contemplated, but included in the construction accounts, to . 

wit: 

The windows in exposed walls were set with two sheets of 

glass for each pane, and an improved skylight for photo- 

erapher was-put uprata COSthiof7-)22 4.22 ee eee $1,965 00 
Three more cellars than originally contemplated were con- 

structed, and annexes to the corner-pavilions, involving . 
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expensive fire-proof floors, were fitted up, the lofts in the 

corner-pavilions were converted into additional finished 

Stones ab an eOsti Of). 2 32S Re ee ls yes Ske Se $4,500 00 
The covered spaces in front of and sheltering the four main 

entrance doors were inclosed by ornamental iron gates 

De COSU Ole pear G8 Sr Doe Orta b ace a CenE a eel: eins 1, 804 08 
All the brick work of the extensive fagades was oiled and 

Bemeiled: ative Cost Of: VOR. he See eee). Lae a 2, 750 00 
Terraces were formed to regulate the grades of the ground 

around the building at a cost of...........5.....--6..- 2,428 00 
There was expended for cut stoneon the approaches to the 

TRIS ODOR OR OBE Cena oo coo Con Somer Teiomen 1, 286 00 

AGH Reape 52 als 2 ars hE Nato Sirs Ss aioe Se $14, 733 08 

The conditions imposed upon us to keep within the appropriations 

have been complied with in good faith. A substantial fire-proof build- 

ing has been completed at a less cost per square foot. of the inclosed 

area than that of the temporary buildings erected for the International 

Exhibition in Philadelphia in 1876. 
The principle adopted to have all the windows in side walls and lan- 

terns glazed with two sheets of glass, having an intermediate air-space, 

has led to favorable results, and it is desirable to extend the same feature 
over the under sides of the roofs in the halls by the introduction of light 

‘iron ceilings about 14 inches distant from those plastered undersides ; 

the intermediate air-space in this case to be packed with a non-conduct- 

ing fire-proof material, such as mineral-wool or its equivalent. This 
will secure for the building a very pleasant temperature in summer, 

reduce the expense of heating the huge building in winter, and remove 

any tendency towards condensation on those exposed undersides during 

the rapid changes of temperature and hygrometric condition of the 

atmosphere peculiar to this climate and locality. 

Having given a technical description of the design and construction 

of the new building in our last report, we now report specially on the 

theory, practice, and results of warming the building. In consideration 
of the great cubic contents of air inclosed in the building, and the com- 
paratively very few sources of vitiation of the same, the system of heat- 

ing by direct radiation has been adopted. For winter ventilation the 

spires of eight towers and the lanterns of halls and dome are made 
available whenever necessary, and for summer ventilation a sufficient 

number of improved iron sashes pivoting in iron frames have been 

added and inserted in the windows of the side walls and the lanterns of 

the building. 
The heating coils and radiators are placed in the rooms to be warmed 

and heat the air by contact with the radiators; the surrounding walls 
and solid objects absorbing a certain amount of radiant heat and: again 

heating the air by contact. ; 



172 REPORT OF THE ARCHITECTS. 

To ascertain the demands to be made upon the apparatus for heating, 

the conditions of the building were studied, in order to arrive at the loss 

of heat inside the building for an external temperature of zero and an 

internal temperature of 70° Fahrenheit. This loss of heat is caused by 

the exposed surfaces of the building, which consistof hollow brick wails 

plastered inside, of tin roofs lined with felt and supported by non-con- 

ducting fire-proof material plastered inside, and of windows having two 

thicknesses of glass with inclosed air-space. It is increased by an 

amount due to leakages, absorption of heat by the soil, transfusion of air 

by the opening of doors, &c. To allow for contingencies, the required 

heating surfaces resulting from above causes were increased by about 

fifteen per cent. and the generating power of steam three times. 

The necessity for such a disproportionate amount of generating power 

‘s explained by the fact that the condensation is enormous when the 

steam circulating pipes and radiators are first heated up, because their 

specific heat is very high when compared with that of theair. When the 

circulation is once established, the demand upon the boilers decreases 
to an amount equal to the heat radiated and carried off by the air from 

the heating surfaces, provided that the main circulating (or flow) pipes, 

which are not to act as radiators, but rather as vehicles to carry the 

heat to the most extreme points of the building, are protected by a suffi- 

cient coating of non-conducting material, which should be provided for, 

the sooner the better. 

It is evident that for such nice adjustments there were no funds . 

available so far. 

Continued satisfactory heating by the direct radiating system de- 

mands, with such an extensive apparatus, constant and close attention ; 

otherwise there will be a great waste of fuel in mild weather, and well- 
founded complaint of overheating. 

As the building is heated up, radiators must be shut off until no more 

heating surface is left than is required to balance the loss of heat, which 

in this climate is very variable. The offices require more heat, rela- 
tively, than the halls; and if, after the building is warm throughout, 

steam were shut down entirely to prevent overheating the halls, as 

would happen in mild weather, the offices could not be occupied for 

want of heat long before the first sensation of coolness appeared in the 

halls. The cause of this is that the ratio of cooling surface to space (or 

cubic contents) is much greater in the case of the small rooms than in 

the halls, which form a huge reservoir of heat, contained in the inside 

walls and objects as well as in the air. 

It is necessary to put the whole force on once a day in order to get 

circulation of steam throughout. In mild weather shut down as soon 

as overheating begins. In extremely cold weather the full force is to 

be kept up continuously. 

It being established by experiment that about 25 per cent. of the entire 

heat absorbed in evaporating the water in the boilers will be restored by 
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returning the water of condensation in the coils to the boilers, at a tem- 

perature of about 175 degrees, instead of heating new supplies of water 

from an average winter temperature of 56° to the boiling point, special 

efforts were made in this direction. In order to prevent clattering and 

noise the steam-pipes have a fall from the boilers, so that any condensed 

water flows in the same direction with the steam and not against it, until 

points are reached where the steam-pipes are tapped and discharge the 

condensed water into the return pipes, which are started at the extreme 

end or lowest point of the flow-pipes with an adequate fall towards the 

boilers. 
The extreme length of each of two lines of steam-conducting and re- 

turn water-pipes is about an eighth of a mile. 

To promote the usefulness of the building, these “Hie systems of 

pipes were buried in large-sized underground ducts. The grade of the 

public sewers does not allow the boilers to be set deep enough for re- 

turning the condensed water to them exclusively by gravitation, as is 

most desirable, hence it is conducted into a receiver located on the floor 

of the boiler-room, from which it is raised by automatic steam-traps lo- 

cated above the boilers. These traps are, firstly, supplied with steam 
from the boilers. They are so constructed that by the movement of a 

lever connected with a float the steam is shut off, when it condenses 

in the traps, causes a partial vacuum, and lifts the water from the re- 
ceiver into the traps by suction. As the ascending water fills the traps 

it lifts the float, the lever of which gradually opens the steam-valve, 
permits the steam to enter the traps, and at the same time causes an 

equalization of pressure in the boilers and traps whereby the water, by 

gravitation, flows back into the boilers. To operate these traps no more 

pressure is required than sufficient to raise the water from the receiver 

to the trap. 

Since immediately after starting the fires the pressure in the boilers 

may be too small, a steam-pump is at hand by which the water is forced 

direct from the receiver into the boilers. This pump works with less than 

two pounds pressure per square inch, and forces either hot or cold water. 

When a fresh supply of water should be desired and the steam-pressure 

is greater than that in the main water-pipes, the pump is connected with 

these mains and the boilers supplied therefrom. Ordinarily the boilers 

are fed direct from the water mains. 
The steam for warming the building is generated in four tubular boil- 

ers of 56 inches diameter and 15 feet length, containing each 72 tubes of 

3 inches diameter. The heat of the fire passes first under the whole 

length of the boilers, then back through the tubes and finally over the 

top of the boiler, giving the greatest possible exposure of surface and 

resulting in the greatest attainable economy of fuel. 
The boilers are connected overhead by steam-pipes of 5 inches diame- 

ter from each, with stop-valves ; these lead into a drum of 12 inches di- 
ameter to which two 8-inch main steam-pipes are attached, each of which 
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supplies a pipe system warming one-half of the building. Valves are 

placed in those 8-inch pipes, and the whole apparatus is arranged so 

that one, or all, or any number of the four boilers can be used at pleas- 
ure and steam shut off from either half of the building, or from any de- 
sired number of the radiators. The steam-conducting pipes are gradu- 

ally reduced in size, as the several branches for the supply of the radia- 

tors are taken off until at the ends of the lines at the northeast corner of 

the building, which is most remote from the boiler-room, the pipes have 

but 2 inches diameter. 
The return water-pipes begin at this remote corner with 14 inch diam- ~* 

eter and are gradually enlarged as they receive the water of condensa- 

tion from radiators and mains until they ber minate in the receiver in the 

boiler-room as above described. 

Rising lines of pipes for warming the offices of the second and third 

stories are attached to the horizontal piping, with suitable return-and- 

relief and air-valve pipes. 

The best provision is made in all lines of pipes for expansion and con- 

traction by offsets, angles, or expansion joints, as the case requires. 

The horizontal pipes are mainly supported on rollers. All joints of 

pipes and fittings are made without the use of red lead or cement, the 

threads being all tapered and exactly fitted so as to be tight when 

simply screwed together, iron into iron. 

Branch pipes extend out from the main pipes, and to these the valves 

and pipes of 204 upright radiators are screwed. These are all finished 

in bronze, and contain in the aggregate 13,600 square feet of radiating 

surface, which give out the heat generated in the boilers. 

The efficiency of the heating apparatus, though evident, was tested 

by a series of observations made during the coldest weather of Christmas 

week. 

During the daytime, with the outside temperature at an average of 

5° below zero, the interior temperature did not fall below 624° above 

zero when but three of the four boilers were in use, the pressure of 
steam being not above 12 pounds, and the consumption of coal 7,500 

pounds, for twenty-four hours. 

Observations were also made during the night-time, after all heat had 

been purposely cut off from the building and the fires banked, with the 

mean external temperature at 114° below zero, the temperature within 

the building did not fall below 48° above zero. This is a creditable 

result for the yet incomplete provisions taken against losses of heat by 

the exposed surfaces. 

The observation is also most gratifying that there is teealy any dif- 

ference between the temperature on the main floor and that of the gal- 

leries and occupied higher parts of the building abutting on the halls. 

Thanks to the prompt and efficient co-operation of Col. Thos. L. Casey, 

the engineer in charge of public grounds, the roads and lawns leading 

to and surrounding the building were speedily adapted to new grades 

and verdure restored. 
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FINANCIAL STATEMENT. 

The appropriations made by Congress are: 

MG CONSULUCHOIIOL DUNCING rales oer. cons seceneecys en 

HOE Steam -heawne APPAratus, <2. soe 5s 6e ven coc cies wee 

Horelectric work, plnmbing. Ge. J.56.- 22. wk ss es eee one 

$250, 000 00 
25, 000 00 
12, 500 00 

287, 500 00 

Schedule account of expenditures and of liabilities, January 1, 1881. 

Earthwork : 

DXCAVAUON ANG STAGING .5 5. cnce soca = a5 ss $853 68 
MIOUMMINS TOFPACES Gan ccc nis.c a sale = ois (es a2 als ob =isi cs 2,428 56 

Foundations : 

PUHETCLO oe ees hiaiec So sce ececse te ccne se cases 3, 899 02 
ETUNIE SLONG MUASONLY |. dai6 cca wae cs one ce ca 7,010 64 

Brick-work : 
SENG eS i ate sel one ele maimnil eae see eiier ho = sce 39, 726 98 
PMOTEAT 10's actha sels boia's «aes SWRRN areata ce 6, 111 36 

Labor of laying bricks..... PIM LE aera ..- 26, 668 96 
Wenters, sheds; forenien, &¢..........-.25..-. 2,376 48 
Oiling fronts, material, and labor.........-...- 2, 753 58 

Cut-stone work : 
Pre DuUNdING POPC. wos. 2c leeds Ses we teres 10,105 10 

Bimaproaches: 2 Ls Aci: esas! se oe ors oss be re 1, 286 32 

Wrought and cast iron work: 

Cost of and setting floor-beams............... 3, 822 81 
Contract for roofs, steps, and railings........- 37, 368 89 
Anchors, hoop-irons, and miscellaneous work.. 4,882 60 
Four double entrance gates, including models 

PUTO AMONG ete okt isa oso ole oe einen teins 1, 804 08 

Models of candelabras.....- FON Seo Dee ant ores 160 00 

BemaMiZeG ITON WOK. . 52s). 2a sete coos we hae sees nae 
Roofing : 

late, slating, snow-breaks, &c...........- eet 6, 09g) OO 
Fire-proof gratings under metal roofs ......... 12,682 27 
RSMO Nc, < 2 ia ee ites ork Ge cies ee ss 1,145 96 
BS OULTORS < (0. Sos cae tees ce wealsae. wae 1,169 68 
Sat labor, and spout-suards .....0.5.....2..2. 5,941 87 

Poeucretin’ floors of offices and halls ..2..2.-:.....5.24-- 

North vestibule laid with encaustic tiles...........-..20- 

$3, 282 24 

10,909 66 

77, 637 36 

11,391 4% 
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Carpenter work and lumber: 

Window frames and sash, including hanging .. $6,996 05 
16 yes ts) ee So ee 255 65 IS SINS ie 2,298 25 
Flooring, sleepers, and miscellaneous lumber.. 4,847 62 

NATIS ASCLOWS, GOCE mie a= ne aree ete oat eater 711 36 
WabOre sore eee Se eas SES. Oe ere a OL OD 
Mag pole, Seb iaplace eee ssn. ec eee 61 45 

——— $18, 506 28 
Plastering... 2 -e-eerieee UA ateleis aiiaws <)-xsi-/1) See a area 16, 781 94 

Glass and ventilators: 
BPlatewlass seeds Seis nics wales brelsc ene 210 67 

Double-thieckieylinder <2. -%-.-c-ee Sac wom ae 3, 302 57 
Ornamental cathedral glass .......-........-. 450 40 

Photographers’ skylight -..... ......cs0.-eee 315 00 

VentMAtOTS 4 otc oe wees cece oem etten 444 00 
—— 4, 722 64 

Painting and glazing, including material and labor. ...... 6, 677 99 

Plumbing and drainage: 

Connection with main sewer.....--...---- +. ee 366 77 
Water supply and closets for building purposes. 516 78 

Terra-cotta sewers, and cast-iron drain pipes for 

TOOTS. eis Sees = cence Se eon Sin hse a eee 2,453 08 
Drainace.of poiler-ro00m: <2. 2-26 oc) acceler see 510 81 

Water-pipe and street-washers ...........-.-- 1, 344 96 
Gas-mains, service-pipe, &e ..............---- 2,650 44 

Plambime in office building 22: 2 +2 2.52 .< 255. 509 33 

ne 8, 352 11 

Group of statuary on main gable ..........-....5---.60- 2,035 05 

Miscellaneous expenses: 

Survey of grounds, clearing of site, and repair- 

HMA IRIEL Sha ee Sa saaid ssa GeSdS Ses SSS 1, 205 55 

Printing, advertising, and photographic expen- 

See a Gna en conn soc cbadeou ses doped aes ae. 1,840 12 

Scales, tools, sheds, for various purposes . - ---- 1,125 91 
Clerical expenses and watchman ..........--. 5,144 60 

Stationery, office furniture, traveling expenses, 
telegrams, and incidentals ..... - Aes ado aes 1,046 21 

10, 362 39 

Construction and superintendence .............--- eEES 10, 000 00 
Steam-heatine apparavws . 2. ssi. cu wise sei cick wts ee eer 17, 268 00 

Brick-work, €xcavations, Qe —. . << oc. ssete: sorely) sale ee 113 80 
Blectricalvapparatus. a. sicc.. oss) Sica enieeee ne aoeieere eer 822 31 
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Of this sum there has been actually expended ...2....... $283, 449 67 

Outstanding liabilities under agreements. Pe Ane ire 3, 848 00 
Balance available (after meeting all abilities) January 1, 

Seago ee cyst eevee chsh ch yar amet oN pera wieh aU tices ae BO 202 33 

237, 500 00 

Add appropriation for sewer in hands of disbursing agent. . 1, 000 00 

Balance unexpended (but of which $3,848 is unavailable 

PreaccounbiOb la bilibies))c </eciat sts jece)-~ ~iai sis) sisreusiayee = sinncie 4,050 33 

Total balance, January 1, 1881, in hands of Major Hobbs, 

PEST CUDIGS) in Vega ree) 01 GT ee ape ree gr a ee aR Perseen ores 5, 050 33 

We have the honor to be, gentlemen, your most obedient servants 

CLUSS & SCHULZE, 

Architects. 

Seo Maserati —— 
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ADVERTISEMENT. 

The object of the GENERAL APPENDIX is to furnish summaries of 

scientific discovery in particular directions; occasional reports of the 

investigations made by collaborators of the institution; memoirs of a 

general character or on special topics, whether original and prepared 

expressly for the purpose, or selected from foreign journals and proceed- 

ings; and briefly to present (as fully as space will permit) such papers 

not published in the “Smithsonian Contributions” or in the * Miscella- 

neous Collections” which may be supposed to be of interest or value to 

the numerous correspondents of the Institution. 
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RECORD OF SCIENTIFIC PROGRESS. 

INTRODUCTION. 

While it has been a prominent object of the Board of Regents of the 

Smithsonian Institution from a very early date in its history to enrich 

the annual report required of them with scientific memoirs illustrating 

the more remarkable and important developments in physical and bio- 

logical discovery as well as the general character of the operations of 

the Institution, this purpose has not hitherto been carried out on any 

very systematic plan. Believing, however, that an annual report or 

summary of the recent advances made in the leading departments of 

scientific inquiry would supply a want very generally felt, and would 

be favorably received by all those interested in the diffusion of knowl- 

edge, the Secretary has had prepared by competent collaborators a 

series of abstracts showing concisely the prominent features of recent 

scientific progress in astronomy, geology, physics, chemistry, miner- 

alogy, botany, zodlogy, and anthropology. Other subjects which might 

properly have been included, such as those of terrestrial physics and 

meteorology, geography and hydrography, microscopy, &e., as well as 

the more practical topics of agricultural and horticultural economy, engi- 

neering, technology, and industrial statistics have, for the present, been 

omitted, both for want of time in which to have them properly digested 

and for want of space to allow them any sufficient presentation. With 

every effort to secure prompt attention to all the more important details 

of such a work, various unexpected delays frequently render it imprac- 

ticable to obtain all the desired reports in each department within the 

time prescribed. In such cases it is designed, if possible, to bring up 

such deficiencies and supply them in subsequent reports. 

A similar digest, having the title of “Annual Record of Science and 

Industry,” prepared under the general editorship of the present Secre- 

tary of the Institution, was commenced in 1871, and published in a duo- 

decimo form by the Messrs. Harper, of New York.* This work was con- 

*The “Annual Record of Science and Industry” was itself a successor to a similar 

year-book entitled ‘‘The Annual of Scientific ISiscovery ”, commenced in the year 1850 

under the editorship of Mr. David A. Wells, and published by Messrs. Gould and Lin- 

coln, of Boston. The last-mentioned work was satisfactorily continued for sixteen 

years, from 1850 to 1865, inclusive, when it was suspended by the appointment of its edi- 

tor, Mr. Wells, tothe commissionership of internal revenue under the United States Treas- 

ury Department. The work was, however, resumed in 1867, under the editorship of 
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tinued through eight annual volumes; but was discontinued with the 
volume for 1878. The present undertaking may, therefore, be considered 

as in some sense a continuation of the work published by the Messrs. 

Harper. | 

It is scarcely necessary to remark thatin a résumé of the annual pro- 

gress of scientific discovery so condensed as the present, the wants of the 

specialist in any branch can be but imperfectly supplied; and very many 

items and details of great value to him must beentirely omitted. While 

the student in a special field of knowledge may occasionally receive hints 

that will be found of interest, he will naturally be led to consult for, 

fuller information the original journals and special periodicals from 

which these brief notices or abstracts have been compiled. 

The contemplated plan of devoting some 250 pages of the annual re- 

port to such a compilation is not designed to preclude the introduction 

into the {*General Appendix,” as heretofore, of special monographs or 

discussions that may prove interesting to the scientific student. 

SPENCER F. BAIRD. 
= 

Dr. Samuel Kneelatid, who conducted it for the years 1867, 1868, and 1869. It then 

passed under the editorship of Prof. John Trowbridge, for the years 1870 and 1871, 

when it was finally discontinued, and the ‘‘Annual Record of Science and Indnstry” 

took its place. 



ASTRONOMY. 

By Pror. Epwarp S. HOLDEN. 

INTRODUCTION. 

As the space available for the record of astronomical progress is com- 

paratively small, the accounts here given must necessarily be the barest 

summaries, whose chief end is to call attention to work which has been © 

done, in order that a reference may be made to more extended papers if 

desired. . At the same time it is clearly impossible to give a specific ref- 

erence to each of the papers consulted. 

For such bibliographic information the réader is once for all referred 

to DARBOUX et HOUEL’S Bulletin des Sciences Mathématiques et Astrono- 

miques (monthly, Paris), to Nature (weekly, London), to Science (weekly, 

New York), to the Observatory (monthly, London), and to other standard 

journals. Free use has been made of reviews by writers in these and 

other periodicals, particularly of the Record of Astronomy, published by 

Dr. J. L. E. DREYER in the Scientific Proceedings of the Royal Dublin 

Society. 
NEBULZ AND CLUSTERS. 

The Earl of Rossz has published Parts 1 and 2 (0° to 14% R.A.) of 

the “ Observations of Nebulz and Clusters of Stars made with the six- 

foot and three-foot reflectors at Birr Castle from the year 1848 up to 

about the year 1878” (Trans. R. Dublin Soc., Vol. II). This publication 
(of which the third part, comprising the last ten hours of R.A., is in 

the press) embodies all the work done on nebulz since the erection of 

the six-foot telescope in 1845. In 1850 and 1861 abstracts of the observ- 

ations on more interesting objects appeared in the Philosophical Trans- 

actions, but all these abstracts are given over again in the new publica- 

tion, with the sole exception of the copperplate engravings, to which, 

however, in all cases references are made in the text. Though even now 

not every single note in the observing ledgers is published, nothing has 

been suppressed which can be of the slightest value or importance. 

The observations are given in the observer’s own words, and the notes 

which were added by Mr. DREYER while arranging the work for pub- 

- lieation are easily distinguished by being inclosed in brackets. These 

notes deal especially with questions of identification, and nearly all the new 

nebulz which were found at Birr Castle in the course of years and which 
183 
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formed the weak point of HERSCHEL’s General Catalogue, have now by 

re-examination and comparison with D’ARREST’S observations been iden- 

tified and their positions determined. The work done during the last 

five or six years (1872-78) differs in many particulars from the obser- 

vations taken in earlier years, with which the paper of 1561 made the 

scientific world acquainted. Most of the more important nebulie having 

been frequently drawn, there was latterly not much to be done in this 

direction, but another important field was opened up by taking micro- 

metric measures of groups of nebule, or of nebule and neighboring stars. 

Into the text have been introduced diagrams of such groups orof a nebula 

and the stars near it, while four plates contain lithographic reproduc- 

tions of more elaborate sketches, which had not already been published 

among the engravings in the former papers. How much more detail is 

given in the new publication than in the paper of 1861 may be seen from 

the circumstance that while the fourteen hours of R.A. in the latter only 

cover 34 pages, in the new paper they extend over 129 pages. 

A series of measurements of all the planetary nebul has been com- 

menced with the 15-inch refractor of the Harvard College Observatory. 

Dr. C. H. F. PETERS has lately published in Urania an important 

list of nebule found on his ecliptic charts. 

Photogra rat of the Nebula of Orion.—Prof. HENRY Daiecn distributed 

in 1880 a large number of photographs of the nebula in Orion, taken by 

means of his 11-inch Clark refractor with an exposure of 51 minutes. 

Stars down to the 10th magnitude were shown and the details of the — 

more prominent masses of the central and brightest regions were for 

the first-tiine permanently and automatically registered. The work so _~ 

well begun has been brilliantly prosecuted, and in March, 1881, Dr. 

DRAPER succeeded in obtaining fine photographs with an exposure of 

140 minutes! These give a much greater extent to the nebulous por- — 

tions registered and bring out many details, and what is astonishing — 

they show stars whose magnitudes Prof. PICKERING has photometri- 

cally determined to be from 14.0 to 14.7 of Pogson’s scale. The mini- 

mum visibile of an 11-inch telescope is about 14.2, so that it really ap- 

pears that Dr. DRAPER has photographed stars which are very near 

the limit of naked eye vision if not actually below it. The mechanical — 

perfection of the appliances which render such feats possible can only 

be appreciated by those used to the apparatus furnished by the best — 

makers, which is far inferior to that made by Dr. DRAPER for his own — 

use. 

FIXED STARS. 

Fixed stars, catalogues of stars, star charts, double stars, binary stars, 

variable stars, etc.—Decidedly the most important recent contribution of 

observing astronomy is the ‘‘ Uranometria Argentina*” of Dr. GOULD. 

* “Resultados del Observatorio Nacional Argentina.” Vol. I, ‘‘ Uranometria Ar- 

gentina,” Buenos Aires, 1879, 4to, with atlas. 
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This is the first astronomical publication of the national observatory of 

the Argentine Republic. 

One of the first objects of Dr. GOULD, on the establishment of the 
new observatory in 1870, was the making of a uranometry of the southern 

sky, which should contain the position and magnitude of every star 

visible to the naked eye at his station. 

The model on which it is made is the celebrated “ Uranometria nova,” 

of ARGELANDER, of Bonn, which was published in 1843. The latter 

contains 3,256 stars from the first to the sixth magnitude, which are to 
be seen above the horizon of Bonn. Its magnitudes are expressed in 

thirds of « whole magnitude, and ARGELANDER’s scale, so established, 

has served for a standard in all the observations in the northern hemi- 

sphere. Dr. GOULD’S problem was to extend this enumeration over the 

whole southern sky, keeping accurately to the standard set by ARGE- 

LANDER. This is by no means an easy task, as the minimum visibile at 

Cordoba was found to be not the 6.0 magnitude, but 7.1; that is, stars 

can still be seen at Cordoba which have less than four-tenths of the 

light of the faintest of ARGELANDER’S stars. This extraordinary trans- 

parency of the atmosphere required the extension of ARGELANDER’S 

seale downward, and that this was accomplished successfully is shown 

by a comparison of the magnitudes of all the stars which are common 

to the two uranometries. The mean difference is rather less than one- 

tenth of a magnitude. The method of settling the standard was to 

select: from the “ Uranometria nova” a belt of stars which had the same 

altitude at Bonn and at Cordoba. The 722 stars of this belt were ob- 

served by the four assistants at the southern observatory (Messrs. Rock 

THOME, DAviS, and HATHAWAY), and those stars for which their esti- 

mated magnitudes were precisely the same were chosen for standards. 

Thus, a number of stars of each magnitude, as 3.00, 3.33, 3.66, 4.00, 4.33, 

etc., became types to be constantly referred to. From these types a 

number of others in a zone near the south pole (and hence constantly 

visible) were constructed. The process of observation consisted in re- 

ferring each star in the heavens to this set of types, so that its magni- 

tude could be finally determined upon. This was done by the four 

observers independently, but often in duplicate, and so well were the 

standards fixed that each observer’s comparisons differed from the mean 

of all four by quantities very much less than a tenth of a magnitude. 

It should be said that the magnitudes in the southern uranometry are 

given to tenths. 

In all there are 10,649 stars visible to the naked eye at Cordoba. Of 

these, 8,198 are as bright or brighter than the 7.0 magnitude, and these 

alone are given in the cavalogue and in the maps. Of these 10,000 stars 

more than 46,000 observations were made. In the progress of the work 

quite a number of variable stars were detected, of each of which a full 

history is given in the notes. Indeed Dr. GouLD’s firm conviction is 
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that “stellar variability is by no means an exceptional phenomenon, 

but that at least one-half of the stars above the 7.0 magnitude vary 

by amounts which careful observation cannot fail to detect.” 

An atlas of fourteen charts accompanies the catalogue, and gives an 

exact pictorial representation of the state of the sky at the epoch of the 

work. Besides giving a representation of the isolated stars, the shad- 

ings and gradations of the milky way are given with the greatest detail 

from repeated observations and revisions. By no means the least valu- 

abie part of the work is the discussion of the course of the milky way 

throughout the whole sky. The course of the galaxy is now, and only 

now, known with precision. The data of this and preceding uranome- 

tries are discussed by Dr. GOULD with reference to the question of the 

distribution of the stars in space, starting from the assumption that, on 

the whole, stars are equally scattered. Dr. GOULD finds that there is a 
marked excess of the stars from the first to the fourth magnitude 

Furthermore, he finds that there is in the sky a zone or belt of bright 

stars as marked as the milky way, and that all the bright stars are dis- 

tributed more symmetrically with respect to this belt than with regard 

to the milky way itself. From these facts Dr. GOULD concludes that 

‘Cour own solar system forms a part of a Small cluster distinct from the 

vast organization of that which forms the milky way.” This cluster may 

perhaps be comparable with that of the Pleiades, since by a rough esti- 

mate it would seem to consist of about 500 stars. It is situated nearly 

in the plane of the belt of bright stars. 

No more valuable work than this has been given to astronomy within 

the decade; and it will be a source of pride to Americans to find such 

important contributions coming from one of their countrymen in the 

southern hemisphere, with which the name of GILLISS was already in- 

dissolubly associated. 

There are no marks about the work itself which would show that it 

was done in a community in about the state of Europe during the dark 

ages, and it will add, not to the value of the work, but to the credit of 

the workers, if one remembers that this is strictly the case. 

Dr. AUWERS has published, for the zone committee of the Astronom- 

ische Gesellschaft, an important work, ‘‘ Fundamental Catalog fiir die 
Zonen-Beobachtungen am nérdlichen Himmel.” (Leipzig, Engelmann, 

4to.) This catalogue of 539 stars, on which the places of all the stars 

between —2° and +80° Decl. down to the 9th mag. inclusive will de- 

pend, is founded on the following systems of standard places: Pulkova, 

1845 and 1865; MS. of Pulkova Observations, 186974; MS. of Bradley’s 
Stars from Greenwich Observations 1836-72 on the system of the first 

7-year Catalogue; Greenwich 9-year Catalogue; Harvard College Ob- 

servatory, vol. x; Engelmann’s Declinations, 1866-70; Leiden Declina- _ 
tions, 1864~70. 

At the Berlin meeting of the Astronomische Gesellschaft reports on 
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the zone observations were read. The following account is taken from 

Dr. DREYER’S report. Much progress has been made since then. 

80-75. Kasan. , Observations finished, except a few; reductions far 

progressed; printing commenced. 

75-70. Dorpat. Only 920 observations yet to be made; more than half 

the reductions to 1875.0 finished. 

70-65. Christiania. Zones finished; about 90 per cent. reduced. 

65-55. Gotha (formerly Helsingfors). Zones finished; reductions far 

advanced. 

55-50. Cambridge, U.S. Observations finished; reductions progress- 

ing well. 

50-40. Bonn. About 5,000 single observations remain to be made; re- 

ductions far deme! 

40-35. Lund. Observations commenced in September, 1878; the re- 

ductions are progressing with the zones. 

30-30. Leiden. Finished: 

30-25. Cambridge (England). About 4,000 single observations to be 
made yet. The mean places are calculated up to the end of 

1874, apparent places to the end of 1876. 

25-20. Berlin. Not yet commenced. 

20-15. Berlin. Finished, but not yet reduced. 
15-10. Leipzig. Zones finished; R. A.’s almost all reduced to 1875.0 

zeros for declinations partly computed. 

10-5. Leipzig. Has been commenced. 

h+-1. Albany. Observations were commenced in een 1878. 

+ 1to-2. Nicolajeff. Much interrupted by the Russo-Turkish war. 

A second edition of the Washington Catalogue of Stars has been 

jssued. Since the first edition was published in 1873, Professor YAR- 
- NALL had accumulated many observations, which he, before retiring 

from the Observatory, embodied in a second edition. Many stars which 

had only been observed once or twice, either in right ascension or de- 
clination, were thus re-examined. The author died suddenly, on Feb- 

ruary 27, 1879, the complete volume only reaching him a few moments 

before his death. 
Dr. ROBINSON has published “Places of 1,000 Stars, observed at the 

Armagh Observatory.” The stars are those of the fainter ones in the 

“ Histoire Céleste” (nearly all between 6th and 7.5 mag.), which have 
not been recently observed at other observatories. The instruments at 

Armagh not being optically powerful enough for this work, the mural 

circle was furnished with a new telescope having an object-glass of seven 

inches aperture. The observations were all made by the Rev. Cu. Faris, 

in the years 186876, each star being observed four or five times. Only 

the mean results are given. j B 
The first volume of the second series of the ‘ Annales de V’Observa- 

toire de Bruxelles” contains an ‘“‘ Uranométrie Générale,” by M. Hovu- 
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ZEAU. During a stay in Jamaica the author resolved to form a new 

Uranometry, which should possess the advantage above all others hith- 

erto published, that it was to be the work of asingle individual, obsery- 

ing all the stars in both hemispheres visible to the naked eye within a 

short space of time. He accordingly commenced working on January 

28, 1875, and the work was finished on February 28, 1876. He had first 

prepared maps, on which all the stars were plotted down without regard 

to magnitude; then every region was gone over two or three times, and 

the magnitudes carefully estimated, the six usual classes being used, 

but each class only divided into two halves. The atlas thus formed 

consists of five plates, on which the stars, their letters, the names and 

limits of the constellations (but not their figures), and the milky way 

are depicted. The latter has “been attended to with great care, the 

deeper or paler hue of the light-green color representing greater cr lesser 

brightness. The catalogue of stars for 1880 contains 5,719 stars. M. 

HovuzEauv has examined the distribution of the stars in four ways: 1, 

with respect to the solar equator; 2, with respect to the direction of the 

sun’s proper motion; 3, perpendicular to this direction ; 4, with respect 

to the milky way. No law whatever was found in the first three ways, 

while the fourth mode of proceeding confirmed W. STRUVE’S conclusion 

that the density of stellar layers parallel to the plane of the milky way 

decreases very regularly and gradually towards the poles of the latter. 

JULIUS SCHMIDT has, in continuation of his researches on the colors of 

stars, published an extensive series of color estimations, made chiefly 

with the finder of the Athens refractor, from 1872~78. Only for Are- 

turus has he been able, with any certainty, to find a variation of color. 

It is mostly very bright stars he has observed, and he investigates the 

difference in the estimation, according to whetber the finder or the re- 

fractor was used, and finds a greater difference the nearer the color is to 

white. 

A “new star” of 8.8 mag. was found in November by Mr. BAXEN- 

DELL, according to two Dun Eecht observations in 7" 54™ 458.67 + 8° 39! 

39.6 (1879.0). According to VOGEL, the spectrum is very remarkable. 

with many dark bands, especially in the more refrangible part. 

PARALLAX OF STARS. 

Nearly the whole of Part III of the “ Astronomical Observations and 

Researches made at Dunsink” is devoted to annual parallax. The first 

paper contains a discussion of observations ot the planetary nebula H. 

IV. 37 from August, 1871, to August, 1872, by Dr. BRUNNow. The 

nebula has in the center a well-defined point resembling a star of the 

eleventh magnitude. This was compared in declination with a star 

of the tenth magnitude, and the parallax was found to be perfectly in- 

sensible, a result which agrees well with that of a similar series of ob- 

servations by Professor BREDICHIN, of Moscow. 

A notice of an elaborate paper by Dr. ELKIN on the parallax of Alpha 

pile. sie 
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Centauri must be deferred till the next year, as the paper is not now 
before the writer. 

A new determination of the parallax of 61 Cygni, by Dr. BALL, forms 

the subject of the next paper. This determination differs from others 

on the same object in one particular, viz, that the preceding star instead 

of the following one has been observed. The method of observation 

used is that of differences of declination, and the observations were 

made on thirty-five different nights between July 3, 1877, and June 1, 

1878. The resulting parallax is 0.465, in pretty good accordance with 

the results of BESSEL (last three months 0.54), SrRUVE (0.51), and 
AUWERS (0/56). 

A third paper, also by Dr. BALL, describes the first results of a series 

of reconnoitering observations in search of stars with a large annual par- 

allax. These observations are only intended to reveal large parallaxes 

(0.7) or more, and each object is only observed twice a year with six 

months’ interval, when it is 90° from the sun, and at the two extremities 

_ of the major axis of the parallactic ellipse. |The paper contains the dis- 

cussion of the observations of forty-two objects, chiefly red and variable 

stars. The result is that in almost every case the parallax is certainly 

less than 1’, and most probably does not exceed 0.5. These objects will 

therefore not be observed any further, but it is Dr. BALL’s intention to 
continue this kind of observations. His working list contains red and 

variable stars, stars with a large proper motion, and others chosen for 

various reasons, nearly all north of the 30° parallel. 

According to Herr GEELMUYDEN, of Christiania, the star Arg. Oeltzen, 

11677, has a perceptible parallax (A. N. 2237). This star of the ninth 

magnitude has a proper motion of —0°.507 and + 0/.21. The resulting 

parallax, 0/’.27 from measures of Aa and 0/’.24 from measures of Ad with 

a Star preceding, is only considered provisional, but the subject seems 

worth following up. 
DOUBLE STARS. 

Tn 1841 and 1842 the Pulkova refractor was used for an examination of 

the northern hemisphere in search of double stars. The second part of 

the catalogue thus formed embraces systems, the components of which 

are of or above the eighth mag., and the distance between which are 
from 32” to 2’. Most of these objects have never been observed micro- 

metrically, and the series of heliometer measures of some of them, which 
Dr. Scour, of Strassburg, publishes in the A. N. 2255-56, will there- 
fore be of interest, though only comprising a small number of objects. 

Systems closer than 40’ were measured by quadruple distances, wider 

pairs by double distances. By means of an artificial pair of stars it was 

found that the position angle had no appreciable influence on the meas- 

ures of distance, and that the two methods of measuring the distances 

showed no constant difference. _ 

Volume XLIV of the Memoirs of R. A. S. contains a very extensive 

work by Mr. BURNHAM: “ Double-star observations made in 1877~78, 
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at Chicago, with the 184-inch refractor of the Dearborn Observatory, 

comprising: I. A Catalogue of 251 New Double Stars with Measures; 

II. Micrometrical Measures of 500 Double Stars.” 

Up to afew years ago the Dearborn refractor, with which CLARK 

discovered the companion of Sirius in 1862, was idle. ft has, however, 
since, in the hands of Mr. BuRNHAM, done excellent work. Confining 

himself to the subject of double stars this distinguished observer has, 
in the course of six or seven years, first working with a 6-inch, after- 

wards using the 184 inch refractor, made this subject his own to an ex- 

tent that is truly surprising. Though many observations are yearly 

being taken of double stars by a good many observers, the study of 

these important objects is by no means being furthered to the extent 

one should have expected from the vast amount of time and labor ex- 

pended. As Mr. BURNHAM justly remarks, in the preface to the paper 

we are here considering, many observers have gone on from year to 

year observing over and over again the same familiar stars, of which 

Castor, 7 Virginis, « Lyre may be cited as examples. Couples which 

small instruments of three or four inches aperture would show suffi- 

ciently well are thus again and again being observed with fine refrac- 

tors of six or seven inches aperture or upwards, while a very great 
number of stars are hardly ever if at aH looked for. “Omit the observa- — 

tions of DEMBOWSKI and O. STRUVE and our knowledge of nine-tenths 

of the double stars would not be materially advanced in the last thirty 

years.” Mr. BURNHAM has from the beginning shown that he does not 

follow the ordinary beaten track, and his numerous discoveries of close 

and difficult pairs have proved him to be an unusually sharp-sighted 

and attentive observer. In nine previous lists he had given the places 

of 482 new double stars, mostly rather difficult pairs, which few would 

have discovered with a 6-inch refractor. The present (tenth) list of 251 
new objects raises the total number of new double stars discovered by 

Mr. BURNHAM to 733; of these 251 stars, 75 pairs are less than 1” apart. 

His observations of old double stars embrace chiefly such ones which — 

require a large aperture to be brought out well, or which have not been 

recently observed by others. Particular attention has also been paid to 

certain difficult pairs discovered by Mr. ALVAN G. CLARK. 

No. 5 of the publications of the Cincinnati Observatory contains “ Mi- 

crometrical Measurements of 1,054 Double Stars from January 1, 1878, 

to September 1, 1879.” Though the discovery of new double stars has 

only been considered a secondary object, nearly 200 new pairs have been 

detected during the progress of the work at Cincinnati. The measures 

are all given in full detail and occupy 151 pages; the mean results are 

given separately. 

The systematic errors in measures of double stars have been investi- 

gated by Professor THIELE in a paper: “Castor, Calcul du mouvement 

relatif et Critique des observations de cette étoile double.” (Copen- 
hagen, 1879.) The author has chosen Castor partly because the orbital 
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motion is slow and can be represented by a simple formula of interpola- 

tion, partly because it has been very frequently measured by almost all 

observers of double stars. First, three normal places were formed which 

represented the distances and position angles observed since 1815, and 

an angle of position from BRADLEY’S and W. HERSCHEL’S measures. 

From these and the ratio of the sector to the time, formule for computing 

distance and position angle as functions of time by means of the eccen- 

tric anomaly were derived and an ephemeris computed from 1718 to 

1900. With this ephemeris all individual observations by every obser- 

ver were compared and the mean error determined for every observer 

within a period during which he might be supposed not to have changed 

his way of measuring. Every observer is now followed from one period 

to another and the changes in the mean error determined, whereby vari- 
ations in his systematic error reveal themselves. 

Dr. SEELIGER has made an elaborate examination of MADLER’S 

measures (A. N. 2288). MADLER’s distances appear to be considerably 

less accurate than O. STRUVE’S, while his position angles do not appear 

to have larger mean errors than those of O. STRUVE. 

The most important series of double-star measures published since 

Mensure micrometrice is that given in Volume LX of the Pulkova Ob- 

servations, comprising the work of OTTo STRUVE with the 15-inch 
refractor since about 1840. An elaborate introduction details the 

observations of artificial double stars and the method of applying the 

corrections thus obtained to the measures of real stars. Section I is 

devoted to the re-measurement of a large number of the most interest- 

ing of the stars forming the catalogue of the elder SrRuvE. Section 

II contains the measures of nearly all the stars of the revised edition 

of the Pulkova catalogue of 1850, and about thirty additional pairs dis- 

covered subsequently (0 515 to 547). The only other systematic observa- 

tions of these stars were made by the late Baron DEMBOWSKI about 

1860. As many of these pairs are rapid binary systems, and nearly all 

of them interesting from the closeness and inequality of the components, 

the Pulkova measures, giving earlier epochs, are specially valuable. 

A valuable contribution to the literature of this department, and sec- 
ond to none in practical value to the observer, is FLAMMARION’S “Cata- 
logue des Etoiles doubles et multiples en mouvement relatif certain.” 

This work contains a complete list of all double stars the components of 

which have shown any decided change either from orbital or proper 

motion, with all the published micrometrical measures down to 1878, 

arranged in chronological order, and notes as to the character and extent 

of the motion, the most recently computed orbits of binaries, ete. As a 

working list for the practical observer it is specially valuable, since the 

Stars which most need observing can be at once selected. 

The ‘‘Hand-Book of Double Stars,” by Messrs. CROSSLEY, GLED- 
HILL, and WILSON, published in 1879, in addition to an extensive cata- 
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logue of binary and other interesting stars by Mr. GLEDHILL, compris- 

ing altogether some fifteen hundred objects, contains chapters on the 

equatorial and the observatory by Mr. CROSSLEY; on methods of obsery- 

ing and the instruments which have been used in this work by Mr. GLED- 

HILL; on micrometers by Mr. CROSSLEY; on the methods of computing 

double-star orbits, analytically and graphically, by Mr. WILSON and Dr. 

DoBERCK, and the bibliography of the subject by Mr. GLEDHILL. The 

catalogue is conveniently arranged in order of R. A., but the measures 

of each star are placed opposite the names of the respective observers, 

an arrangement far less convenient than a simple chronological one. 

On the whole the work is an excellent one, and contains many valuable 

suggestions to amateurs, not ordinarily found in astronomical books. 

Professor HOLDEN has tabulated the magnitudes and colors of 162 

stars which are certainly binary, according to a list furnished by Mr. 

BuRNHAM, and finds that of these the components of 122 binary stars of - 

the same color differ in magnitude on the average only 0™ 5, whilst those 

of 40 of different colors differ 2™4. The colors and magnitudes are for 

the most part taken from M. STRUVE’s estimations. Professor HOLDEN 

quotes a conclusion by Dr. HuGGINS and Professor MILLER that the 

characteristic colors of stars are due to the absorptive action of their 

atmospheres, and compares it with the two following facts: -(1) The color 

of a solid body cooling would as it cooled pass through the shades white, 

yellow, orange, red, but not through green, blue, or purple. (2) Wedo not 

find isolated stars of decided green, blue, or purple colors. A few such 

have been recorded, but in most cases erroneously. In general such 

stars are small, and apparently invariably associated with larger stars. 

That is, the isolated stars appear always of the colors which would arise 

in the cooling of solid or liquid masses, and never as if necessarily sur- 

rounded with absorptive atmospheres—i. e., never decided violet or 

purple. 

Professor PICKERING has published a paper on the Actual Dimen- 

sions of the Fixed Stars, in which the hypothesis that stars are of equal 

intrinsic brillianey is made the basis of computation. While this hypoth- 

esis is perhaps as little objectionable as any general one that can be made, 

it still leads to conclusions which cannot be at once accepted, as has ’ 

ERING’S work. 

been shown by Professor HOLDEN in a paper extending Professor P1cK- — 
ui 

4 

Variable stars.—For some years it has been generally received that , 

the star Alpha Urse Majoris periodically changed its coler from yellow * 

through red to orange, etc., every thirty-two days. This supposed dis- — 

covery was made in 1867, by KLEIN, and has been confirmed, or at least 

not disproved, by several subsequent observers. 

a 

This question is now tolerably well settled by SAFARIK, who has 

chosen three other stars to observe simultaneously with this. He has — 

\ 

. 

i. | 
: 
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shown that the variations in a Urse are no greater than in the case of 

these three stars, which are pretty certainly constant in color, and he 

gives it as his opinion that a Urs must be considered also as of a con- 

stant color, unless we are willing to admit that all stars are variable in 

tint im short periods of time. This result is of more importance than at 

first sight appears, as we have now no well authenticated case of varia- 

tion of color separate from variation in brilliance. 

Dr. GYLDEN, of Stockholm, has recently published a mathematical 

investigation, in which he shows the possibility of explaining the ob- 

served variation in the light of stars upon pure mechanical principles. 

He takes as a basis the idea that the surfaces of such stars are covered 

in parts with a kind of crust or slag, which gives out less light than the 

remaining parts of the surface, which are glowing. Further, he sup- 

poses these stars to be rotating on their axes, and he shows that such a 

rotation will account for all the phenomena, particularly as the axis of 

rotation will itself be changed from time to time by the different dispo- 

sition of the floating masses on the surface. It is noteworthy that the 

possibility of such an explanation was first suggested by Sir WILLIAM 

HERCHEL. 

THE SUN. 

A new determination of the inclination of the ecliptic is contained in 

the doctor-dissertation by E. F. VAN DE SANDE BAKHUYZEN, of the 

Leiden Observatory. The author discusses the declinations of the sun 

observed in Leiden in the years 1864~76, and enters into all details re- 
lating to the instrument used, etc. He finds that the inclination for 
1870 as given in LEVERRIER’S tables should be diminished by about 

0.30. This result agrees well with OePoLZER’s inclination for 1815 

brought down to 1870, with a secular diminution as found by means of 

the latest values of the planetary masses. 

A review of the new or modified theory of the constitution of the 

sun, proposed by Dr. HASTINGS, is necessarily postponed for want of 

the necessary space to detail his arguments. It may be briefly said, 

however, that no theory of the sun’s constitution previously proposed can 

account for allthe facts of both spectroscopic and telescopic observation ; 

and it is claimed by Dr. HASTINGS with good show of reason that his 

hypothesis does this satisfactorily. It was published in the American 

Journal of Science, and will doubtless receive the consideration asked 

for it. 

Sun parallax.—Several determinations of the solar parallax have been 

lately published. From his observations of Mars, made at Ascension 

Island in 1877, Mr. GIL finds z —8”.78 (M.N. June, 1879). At the same 

opposition Mr. MAXWELL HALL, in Jamaica, made similar observations 

of the displacement of Mars in R.A. (Mem. R. A. S., XLIV.) He used 

an equatorial of four inches aperture. Mr. HALL has carefully reduced 

S. Mis. 31 13 
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his observations, and the resulting parallax, 8/’.79, indicates that val- 

uable results may be obtained by this method by small instruments. 

Observations of the declination of Mars made in 1877 at Leyden and 

Melbourne have been used by Mr. DOWNING to find a value for the solar 

parallax. The result is 8.96 (A. N. 22838). It is remarkable how well 

this agrees with STONE’S and WINNECKE’s results from the opposition 

of 1862 (8.93 and 8/’.96). 

Vol. 1, part 3, of the ‘‘Astronomical Papers prepared for the use of 

the American Ephemeris and Nautical Almanac,” containing the experi- 

ments upon the velocity of light, made by Master A. A. MICHELSON, 

U.S. N., has just been published. His method of investigation (an im- 

proved form of FOUCAULT’S method) is described in the section on 
“¢ Physics.” 

The final value for the velocity of light in vacuo is 299,944 + 51 (in 

air, 299,864), or, in round numbers, 299,940 kilometers per second = 

186,350 miles per second, the remarkably small error, + 51 kilometers, 

being composed of the total constant error in the most unfavorable case, 
and the probable errors of observation. This quantity, + 51 kilometers, 

cannot be said to express the probable error of the determination, in the 

ordinary acceptance of the term; combining, as it does, accidental errors, 

strictly speaking, and estimated constant errors. 

These experiments were made by Master MICHELSON at the Naval 

Academy, Annapolis, at private expense, and to him the entire credit 

is due. A new determination of the velocity of light, embodying es- 

sentially the same arrangement, but with more elaborate and expensive 

apparatus, has been completed by Professor NEwcomB, superintendent 

of the Nautical Almanac; and this combined with a revised constant 

ef aberration, will give the best value of the Solar Parallax. 

Transit of Venus December 6, 1882.—The Astronomer Royal has pointed 

out the best stations to be occupied for observations of the next Transit 

of Venus. 

Ingress accelerated can be well observed in Cape Colony, Africa. Mr. 

GILL will soon determine his longitude telegraphically. 

Ingress retarded should be observed in the West Indies. These longi- 

tudes have been determined already by officers of the United States ~ 

Navy. 

Egress accelerated may be observed at the West India stations and 

along the east coast of the United States. 

gress retarded: Stations in New Zealand are best suited, although 

Australian stations will serve. 

SOLAR ECLIPSES. 

Professor NEWCoMB has published a paper “On the recurrence of | 

Solar Eclipses, with Tables of Eclipses from B. ¢., 700 to A.D. 23007 



ASTRONOMY. 195 

(Washington, 1879, 4to). The theory is founded on two remarkable and 
hitherto unnoticed chance relations connected with the Saros. This 

eycle takes account only of the mean motions of the Sun and Moon, but 
in consequence of the eccentricity of the orbits the Sun may be 2° on 

either side of its mean place, and the Moon 5°, The relative position of 
the two bodies may therefore vary 7° from their mean position at any 

time, and recurring eclipses might be expected to differ widely from the 

predicted time, or might not occur at ali. But, as a matter of fact, this 

is not the case, the irregularities being reduced almost to nothing by 

the following remarkable relations. At the end of a Saros, not only 

are the Sun, the Moon, and the node found nearly in their original rela- 

tion, but the mean anomaly of the Moon happens to have the same vaiue 
to less than 5°, and the mean anomaly of the Sun toabout 12°. There- 

fore, not only the mean place of the Moon, but all its larger inequalities, 

will return nearly to their original values at the end of the period. This 

will hold true, not only with respect to the time of the eclipse, but also 
with respect to its character, as the parallax and semi-diameter of the 

Moon must also return nearly to their original values. On account of 

the retrocession of 28’.6 in the the argument of latitude in each cycle, 

the corresponding eclipses in successive cycles are subject to a progres- 

Sive change. A series of such eclipses commences with a very small 

eclipse near one pole of the earth ; gradually increasing for about eleven 

recurrences, it will become central near the same pole. Forty or more 

central eclipses will then recur, the central line moving slowly towards 

the other pole. The series will then become partial, and finally cease 

altogether. The entire duration of the series will be more than a 

thousand years, and a new series commences on an average at intervals 

of thirty years. All eclipses may therefore be divided into sets, the 

separate eclipses of each set being separated by intervals of one 18-year 

eycle, and extending through sixty or seventy cycles. Moreover, from 

the elements of the central eclipse of each set those of any other of the 

same set may be readily found by applying the changes corresponding 

to the number of intervals which separate it from the central one. This 

circumstance Prof. NEwcoms has utilized to form a series of tables 

which give at once the circumstances of any eclipse between B. Cc. 700 

and A. D. 2300. 

Phenomena attending Solar eclipses.—The whole subject of the charac- 
teristics of solar eclipses is in so undecided a state that even those who 

are most familiar with it are conscious of their incomplete knowledge 

of the data. A general review of the evidence on special points has 

been well nigh impossible. Like all comparatively new problems, the 

different branches of the research have been developed in quite an 

irregular way. On some lines of research our knowledge is very con- 

siderable; on others, we have scarcely any trustworthy information. 

This was specially a hindrance in the study of the phenomena of solar 
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eclipses, because it is just here that we may hope for striking advances 

within a few years. And it is necessary, in order to plan our future 

work, to know what has already been settled, and along what lines of 

study results are to be sought. A recent publication of Mr. RANYARD’s, 

on the phenomena of “Solar Eclipses,” is intended to meet these diffi- 

culties. Mr. RANYARD has collected, in Vol. XLI of the ‘‘ Memoirs of the - 

Royal Astronomical Society” (792 pages, 18 plates, and a great number — 

of wood cuts) all the accounts of solar eclipses which have been pub- 

lished from the earliest times up to 1878. Each account is cut up into — 

parts, as it were, and the matter of each part is inserted in its proper 

chronological order, under one of forty-four headings, chosen by Mr. 

RANYARD with great care. Each heading constitutes a chapter, and 

the chapters are arranged about in the order in which the phenomena 

of which they treat occur. Thus the chapters relating to the phenomena 

near first contact have for titles: Chapter VII. “The Cusps of the 

Solar Crescent seen as colored.” Chapter VIII. “The Moon seen as red 

before Totality.”. Chapter IX. ‘‘Shadow-Bands;” ete., ete. Perhaps the- 
most important chapters are numbered XLI, XLII, XLII, XLIV: On- 

“The Brightness of the Corona,” on “Polaroscopic and Spectroscopic 

Observations,” and on “Photographs and Drawings of the Corona,” 

respectively. The last chapter consists of 238 pages, and contains a 

reproduction of every important modern drawing. <A very good feature 

of the wood cuts is that the axis of the sun is made vertical on the page, 
and the sun's vertex is marked also. The plates relate to the spectrum 

of the corona, ete., and to the photographs, ete., of the total phase. 

We are glad to notice that due credit is here given to Dr. BuscH, who 

first took a daguerreotype of the corona in 1851, at Konigsberg. The 

very varied material contained in the volume is made available by an 

elaborate subject and author index, and the chief problems which Mr. 
RANYARD set to himself are resolved. These Were: 1. To give in thel 

order of time all of the important observations on each of the main 

topies of study; 2. To enable the work of any particular individual to~ 

be examined; and, 3. To enable each solar eclipse to be studied by itself 
if desired. if 

The work has required about nine years for its preparation, and is_ 

practically complete. We have simply to add to the data there given, 

and need never go back of it. In general there is no complete discussion — 

of the results to be derived from each chapter, and this reserve seems — 

wise. In some cases the necessary conclusions are pointed out, always, - 

it seems, with moderation. Itis an unfortunate consequence of this kind | 
of semi-bibliographieal work that it will be severely criticised. Each | 

chapter will appear inadequate to the specialist in the subject of which | 

it treats. There can be no doubt but that Mr. RANYARD has succeeded | 

in his most difficult task, and that this publication will forward the 
solution of the most important questions involved, in a very marked 

| 
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way. The work comes at exactly the right time, and satisfactorily fills 

_ its place. 

A very elaborate paper on the polarization of the corona, by Dr. 

_ SCHUSTER, is published in the M. N. for December, 1879. This paper 

shows how combined measures of the polarization at different distances 

from the Sun, and of the decrease in intensity of the total light of the 

corona with increasing distance from the Sun, may inform us in what 

way the scattering matter is distributed in the solar atmosphere, what 

part of the light sent out by the coronais due to scattering matter, and 

whether the latter is projected outwards from, or is falling into the Sun 

from outside. 

Mr. LEONARD WALDO has published a report on the observations of 

the solar eclipse of July, 1878, made at Fort Worth, Texas, by a party of 

which he was the leading member.* An attempt was made to obtain 

photographie evidence of the polarization of the corona by inserting a 

double-image prism between the lenses of a camera. The photographs 

obtained in this way were examined by Prof. PICKERING, who found 

inequalities in them, which, as far as they go, tend to indicate tangential 
polarization; but in the opinion of Dr. HASTINGS the evidence is not 

conclusive. The inner corona was seen by Mr. SEAGRAVE about 30° be- 

fore totality. Mr. PULSIFER, using a ten-prism spectroscope attached 

toa four-inch CLARK refractor, and keeping the slit tangential, observed 

the reversal of the Frauenhofer lines at the commencement of totality. 

From the length of these lines, which only reached one-third across the 

spectrum, the tangential thickness of the reversing layer was found, and 

from this Mr. PULSIFER infers its minimum height above the photo- 

sphere to be 524 miles. The C line was not shortened like the others, 

but extended right across the spectrum. 

The Naval Observatory at Washington, has published the reports 

relating to the total solar eclipses of 1878 and 1880 in a large 4° 

volume of 416 pp., accompanied by 25 wood cuts of drawings made 

by observers and 30 chromolithographed plates. This important vol- 

ume has been edited by Prof. HARKNESS, who has provided a com- 

plete index of persons (4 pages) and index of subjects (6 pages), besides 

a table of contents of 9 pages. It is worth while to mention these 

indexes, because their presence seems to be an indication that men 

of science are beginning to avail themselves of devices which have 

long been considered indispensable to even the simplest literary per- 

formance, and which in the nature of things are still more necessary to 
technical and scientific writings. This special work, however, deserves 

a careful review for many reasons, principally in that it is decidedly the 

most important contribution which has ever been made to the literature 

of any single eclipse, not excepting the memoirs of DE LA RUE, of La- 

MONT, and the report of the Austrian Commission on the Aden eclipse. 

* Cambridge, Mass. (J Wilson and Son), 1879. Ato. 
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The solar eclipse of 1878 is noteworthy, since it was visible over a large 
portion of civilized country, each part of which it was easy to reach by 

cheap transportation. The Congress of the United States also placed 

the sum of $8,000 at the disposition of the Naval Observatory, which 
was expended in providing the necessary instruments and in placing 

men and instruments in the proper field. The expenses of 27 obsery- 

ers—imostly astronomers at various universities or colleges—were paid, 

wholly or in part, from this sum. This governmental action is note- 

worthy in the history of the country, as indicating the means by which 

alone government aid to science can be afforded under our form of ad- 

ministration, and it would seem that the question of the “endowment 

of research,” which has been agitating Great Britain, has here been 

quietly solved. The Naval Observatory accounted to the Treasury for 

the money, and the funds were spent in placing its own parties and 

those headed by all the eminent astronomers of the country in the field, 
and under its auspices liberal arrangements with the customs depart- 

ment and the railways were made for the benefit of foreigners. 

To come to the most important particulars of the volume before us: 

It is preceded by the elaborate Instructions to Observers, compiled by 

Prof. HARKNESS, of which it may be said that it is the most complete, 

and on the whole the most satisfactory, which we have. Guided by 

these instructions, the amateur observers prepared their sketches of the 

corona and made their observations. 

In previous eclipses the principal point to be noted in regard to such — 

sketches has been that each sketch differed so much from every other 

that only a knowledge of the circumstances under which they were— 

made could allow one to believe that they were representations of the 

same phenomenon. Here, however, so many sketches were made, each 
one readily comparable with the photographs made by the parties of — 

Professors HALL, HARKNESS, and HOLDEN, that for the first time a 

kind of order can be evolved from what has previously been but chaos. 

The photographs serve always as a standard, and it is seen that each 

sketch represents (and exaggerates) one or more special features, the 

other features remaining unnoted. Thus, by combining the whole set_ 
a very fair general representation can be had. This is one most impor: 

tant lesson. The photographs themselves are of the highest excellence. 

The parties of Prof. HALL and of Prof. HARKNESS were provided with — 

complete outfits, and each secured a series of photographs of exposures 

varying from 5 to 60 seconds. The pictures with the shortest expos- 

ures give the details of the corona near the Sun; those of longer ex- 

posures giving details further out. In these latter pictures the inner — 

corona is much over-exposed, and its details are thus lost; but by a | 

combination of the set the whole can be built up out to the distance 

of 20/ from the Sun’s edge. 

A single photograph was taken by Prof. HOLDEN’S party, which ad- 

mirably supplements the others, as it begins where the others leave 

——s 
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off and carries the picture of the corona out to 60/ from the Sun’s limb. 

Thus the pictures made by the Naval Observatory parties cover the 

whole ground, and are far more complete than those of any previous 

eclipse. They are not adequately discussed, however, in the volume be- 

fore us, which is the less excusable as Mr. RANYARD in his recent work 

on Solar Eclipses has given a practical example of how such work should 
be done. 

Some idea of the fullness with which these collected reports treat 

nearly everything which can be made the subject of observation may be 

had by a glance at the subject-index. For example, the contacts were 

observed at over twenty stations by more than twenty-five observers. 

Descriptions of the corona are given on thirty-nine different pages, and 

these do not include the thirty or more drawings. Nearly every one ot 

the phenomena is attested by more than one observer of the many en- 

gaged. Thus the corona was seen before or after totality at six stations. 

Ten persons swept in the vicinity of the Sun for the discovery of Vul- 

can. Prof. WATSON reports the discovery of two planets, Mr. Swirr 

that of two different ones, making four in all, seen or suspected. The 

report shows that four persons swept over the place of WATSON’S (a) 

without seeing any planet there, and four also swept over the place 

of Swirt’s two, also without seeing them. In all these cases the tel- 
escopes were of adequate power to have shown the objects of WaATsoNn 

and SWIrt. 

The main results of the eclipse of 1878 may be summed up much as 

follows: : 

The connection between the activity of the Sun’s surface, as evinced 

by the number and size of the spots and protuberances, and the nature 

of the corona, has been again shown. The corona in 1878 was far sim- 

pler in general character than those of 1869 and 1870. It was observed 

to extend to a much greater distance from the Sun in this eclipse than 

in any other, but this is probably due to specially advantageous circum- 

stances. Professors NEwWCOoMB and LANGLEY both observed the corona 
with the naked eye, extending 5° or 6° from the Sun’s center. There is 

much difference of opinion as to the brightness of this corona; it prob- 

ably was not materially fainter than that of 1869. Photometric observa- 

tions were made at Pike’s Peak upon this point, but there are no earlier 

observations easily comparable. The mostimportant point of difference 

between the coronas of 1869 and 1878 was in their spectra. The bright 

lines due to the gaseous parts were conspicuous in 1869, while in 1878 

they were so faint as only to be seen by a few observers, though these 

lines were undoubtedly present. A continuous spectrum was seen by 

most spectroscopic observers. The 1474 line was seen at the beginning 

and end of the eclipse, but only a few observers saw it during the whole 

of totality. Prof. EASTMAN traced this line all round the Sun, find- 
ing it equally bright at equal distances from the center, and what is re- 

markable, finding no defect in the brightness of this line in the points 
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where absolutely no corona was visible to the naked eye or to photo 

graphs. No new bright lines were visible mm the coronal spectrum. A 

new line (K. 554) in the chromosphere was discovered by Prof. Rock- 

WooD, who, as well as Prof. Youne, saw both lines brightly reversed_ 
Prof. BARKER and others saw the Frauenhofer lines (dark) in the cor 

enal spectrum ; they were very faint. The polarization of the corona’ 
was observed by several parties. The photographic observations of Pro 

fessors HARKNESS and WRIGHT show it to be radial in direction. Prof 

HASTING’s eye observations give tangential polarization. Such are the 
main facts of observation to be derived from the volame in question. 

or to deduce any general conclusions from them. 

COMETS. 

The following comets were visible in 1879: 

A. BEOERSEN’S periodic comet was first seen by TEMPEL on Janua 

14, and on February 26by TEBpuTtT. It passed the peribelion on Mareh 

30, and was observed till the end of May. It was found more thana 

month earlier than Dr. SCHULZE’s ephemeris commenced. 

B. TEMPEL’s periodie comet was first seen by him on April 24, and was 

observed until the end of June. It passed the perihelion on May 7, ae 

cording to Mr. RaouL GAUTIER’s elements. 

C. Swift found a preity bright comet on June 16, which was inde 

pendently discovered by WINNECKE on June 21. It was observed tll 

August 23. | 
D. PALisa discovered a pretty bright comet on August 21, which wa 

seen as late as October 12 (the date of the perihelion passage). 

E. Another comet was first seen by HARTWic on August24. Thelas 

observation seems to be from September 14. 

The spectrum of BRORSEN’S comet appeared this year very different 

from what it was in 1868. It consisted of three bands, the ceniral one 
the brightest, and the least refrangible one exceedingly faint. The 

wave-lengths as determined by YOUNG, were 468-42, 517-1, and 5584 
The abnormal character of the spectrum in 1568 (which only one othe 

comet, that of Bo RELLY, e. 1877, has exhibited), has therefore disap 
peared, and the comet has now the ordinary spectrum.* 

The following comets were visible in 1880: 

Comet A, 1530, was first seen, probably, at the Cape of Good Hope 
February 1. It See been usually spoken of as the Great Southern Comet 

Dr. B. A. GOULD, of Cordoba, Argentine Republic, says: “ It was bright 
est February 7 or $, when its length was 40° and its breadth 15°, ba 

its brightmess not superior to that of the Milky Way in Taurus” A 
other observer says: “The portion of the tail visible was about 349 | 

length and 2° in width, its long, straight, narrow form resembling fh 

*Young, N. xix. 559, Obs. ILL 56, Christie N. xx. 5. ay 
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one of 1843, which J remember well, although it was inferior in length 

and brillianey to that famous comet.” February 4 the head of the comet 

was 3 minutes of are in diameter, as reported by Dr. GOULD, who also 

computed the elements of its orbit and found them to agree well with 

those computed by Hinp. The elements of the orbit of this comet 

agreed very closely with the one of 1843. They are compared below: 

Hind, 1880. 

PGES PUSS dc oieicora atce Rates ree Mere eee ae January 27, 6,027, G. M. T. 

mone. per ..... ea Fou Meairegeame nieces as 279 deg. 6 min. 8 sec. 

Bn ee NOUGE fis sirws sos La eeentoe St .--.4 deg. 1 min. 9 sec. 

UGLIEST) 0166 ER re ep Seer ots Smee 39 deg. 39 min. 8 see. 

Ber, dist <-..- USEF celh ah aM peer -..---0.0059390. 
BPROGION:: 00. 4) ss Chalsyonvutracihtteee tee aa ea tetrograde. 

Comet 1843. 

er. Pass... Brace ee eres Ate ris .-February 27. 
ions. per .---.--- aC ee Cn 278 deg. 35 min. 1 see. 

Mone. node... ...- sagan Ache Hoa hacnangc oor 1 deg. 20 min. 6 sec. 

PeChMAbION 25.5.0. F.4s 8 5 babe BRS Td. toa] DAP 35 deg. 39 min. 2 sec. 

2 Rl CUS ASRe ae see eaea E raa 0.005511. 
PIED eee ay NM STA eas soe =i Aiabha) ovaiaie sieve ok retrograde. 

Mr. HIND, in communicating these results to the Astronomer Royal 

of England, says: ‘Can it be possible that there is such a comet in the 

system almost grazing the Sun’s surface, in perihelion, and revolving in 
less than thirty-seven years? I confess I feel a difficulty in admitting 

it, notwithstanding the above extraordinary resembiance of orbits.” 

The appearance of this great comet has again revived the discussions 

of a resisting medium in space. Prof. OPPOLZER, of Vienna, has pub- 

lished recently two important papers on this theme. TH. BREDICHIN, 

of Moscow Observatory, Russia, has computed the numerical value of 

the repulsive force necessary to produce the enormous tail of this comet, 

and finds it to belong to the same type of those of 1680, 1744, 1769. I 

am not aware that any observations by the spectroscope were had dur- 

ing the late appearance of this comet. 

Comet B was discovered by J. M. SCHAEBERLE, assistant at the Ann 

Arbor Observatory, April 6, and its train was easily seen, and was three 
minutes in length. On the 16th it was brighter and larger. Elements 

of its orbit were computed by SAFFORD, HOLETSCHEK, BIGOURDAN. 

MARTIN’S elements of this comet are in close agreement with the 

above. 
Comet C is FAYE®’s short-period comet. It was seen by Mr. Common, 

of England, August 2. It was then extremely faint. The periodic time 

of this comet is 7.413. It was found by the aid of an ephemeris pre- 

viously computed. 
Comet D was discovered by Dr. HARTWIG, at Strassburg, September 

29, and also independently announced by Prof. HARRINGTON, of Ann 

Arbor, September 30. It was a bright comet, just visible to the naked 
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eye. ‘Prof. WINNECKE finds that this comet may be identical with 

the comet of 1382, 1444, and 1569, as well as that of 1506, and he is led 

to suggest a period of sixty-two and one-third years as probable.” 

The spectrum of this comet was observed by KoNKOLY, BACKHOUSE, 

and Youne. It gives four bright lines, whose wave-lengths are, re- 

spectively, 5,609, 5,492, 5,169, and 4,859 tenth-meters. The spectrum, 
though faint, was continuous. 

October 7, 11, and 12, the spectrum was examined at Greenwich, and 
was found to consist of the three usual cometary bands, the brightest 

comparing well with that of alcohol vapor and that of the Bunsen-burner 

flame. 

Comet E was discovered by LEWIS Swirt, of Warner Observatory, 

Rochester, N. Y., October 10. It reached its maximum brightness No- 

vember 16; presented an ill-defined disk several minutes in diameter. 

The particular feature of interest attending this telescopic comet is that 

it is identical with comet III of 1869. 

Prof. FRISBY, of the United States Naval Observatory, has also com- 
puted the elements of this comet from observations by the Washington 

transit circle. The perihelion distance of the comet appears to be a 

little greater than that of the earth, and its aphelion is just beyond 

Jupiter’s orbit. These planets may greatly disturb its path in the 

future. Prof. FRISBY makes its period about five and one-half years. I) elie alg 

Comet F was a small bright telescopic object, one minute in diameter, — 
with a distinct central condensation. It was discovered by Dr. PECHULE 

at Copenhagen; elements were computed by Dr. J. HOLETSCHEK. 

Prof. YOUNG observed this comet December 18, 19, and 22, and saw 

two faint tails. One direct, as usual, away from the Sun, in nearly 

the opposite direction, and the other roughly toward the Sun, though 

deflected some degrees to the north. The two streamers made an angle 

of 150° with each other. ‘Each was about thirty minutes long on the 

18th, and neither was seen after the 22d.” 

The three periodic comets whose orbits have been the most carefully 

examined are ENCKE’S, WINNECKE’S, and FAYE’s. Their least distances 
from the Sun are 34, 743, +48, of the Harth’s distance, respectively. ~ 

It is well known that ENCKE’S original researches indicated the exist- 

ence of a resisting medium in space which, by opposing the motion of the 

comet through it, gradually shortened its period of revolution. All of 

ENCKE’S computations were repeated by Dr. VON ASTEN, and his gen-~ 

eral results confirmed. Dr. MOLLER, of Lund, executed a like work for 
FAYE’S comet, and found no such change in its period and the conclu- — 
sion was that, granting the existence of a resisting medium, it did not 

extend so far as one and a half times the earth’s mean distance. Dr. 

OPPOLZER has just concluded a similar investigation for WINNECKE’S 

comet. He finds that its motion is altered in the same way as that of 

ENCKE’s comet, and the value of the resisting force is found to be almost — 

* 

a 
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the same as that found by ENCKE. Dr. OPPOLZER goes further and 

shows that, granting the existence of such a resisting force, its effect 

upon the motion of FAYE’S comet would be so small as to be confounded 

with uncertainties of the computed perturbations. The question of the 

existence of a resisting medium will be definitively settled by computa- 

tions now in progress upon the other comets of short period. 

THE PLANETS. 

Vulcan (?).—A_ new attempt to find an orbit in accordance with the 
more or less doubtful observations of dark round spots passing across 

the Sun’s disk was published in the A. N. by HERR Vv. OPPOLZER. He 
found a system of elements which was in remarkably good accordance 

with the eight observations on which the calculations were founded. 

WaAtTSOoN’s observation during the eclipse in 1878 was not among these, 

and the resulting orbit made “ Vulcan” at that moment be 7° preceding 

the Sun. A nearly central transit ought to have taken place on March 

18, 1879, but nothing was seen, though many telescopes were directed 

to the Sun that day. 
In No. 2253-54 of the A. N. Dr. C. H. F. PETERS has published a 

long article entitled “Some critical remarks on so-called intra-Mercurial 

Planet Observations.” In the first part of this article the writer con- 

siders at length the observations made during the eclipse of July 29, 

1878, by WATSON and Swirt, of two unknown objects southwest of 
the Sun. The fact that the line between the two stars, called @ and 

b by Prof. WATSON, is almost parallel and equal in length to the line 

between ¢ and £ Cancri, joined to the small size of the improvised circles 
of the instrument, appears to him to prove beyond doubt that the 

objects seen were nothing but the stars @ and ¢ Cancri. The constant 

error of about 3", which, under this supposition, would affect the R. 

A.s of a and b, he explains by the different circumstances under which 
the circle markings were made for the stars and for the Sun; in the 

former case, in semi-darkness and in a hurry; in the latter case, in full 

daylight and with leisure. Possibly, also, the markings were made at 

the same side of the wire-pointer, thus creating a parallax of 7° or 35 of 

an inch. Mr. Swirt’s observation is treated more summarily by Prof. 

PETERS, who thinks the confusion and successive gradations in his 

statements must deprive every reader of confidence in them. 

To this criticism Prof. WATSON has given an indignant reply in No. 

2263 of the same journal. He denies flatly that his wire-pointers were 

as easily bent as supposed by Prof. PeTERs, and feels confident that 
the probable error of 5’, assigned by himself, is rather too large than the 

reverse; the 20/ of Prof. PeTERS he considers perfectly absurd. There 

is only one of Prof. PETERS’s objections which he did not answer; he did 

not state whether he saw a and 0 Cancri at the same time or not in this 
paper. This seems to be the crucial point of the whole question, and 

Prof. WATSON, in his report to the Naval Observatory, has distinctly 
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stated this. Mr. Swirt has also replied in the A. N. 2277. He had, 
immediately after the eclipse, informed the other observers near him 

that he had seen two objects with sensible (though, he acknowledged, 

spurious) disks about 3° 8S. W. of the Sun, 12’ apart. Later on he 

changed this estimate to 7’ or 8’ in a letter to Nature (xviii, p. 539), in 

which he made a curious mistake, putting 8’=2™. Prof. PETERS can 

hardly be blamed for having felt suspicious at all this confusion, or for 

having made little of Mr. SwIFt’s comparison of the distance between 

Mizar and Alcor, with the distance between the two unknown objects. 

Venus and Mars.—Dr. HARTWIG has published an extremely import- 

ant investigation of the diameters of Venus and Mars from heliometer 

measures by himself. He has also thoroughly discussed previous ob- 

servations, and the following instructive table gives the main results: 

A.—HELIOMETER. 
i. Prob. Error. Aperture. 

au “ur mm. 

1820 Brandes - - - - - - - - - - - - —1:096 0. 134 76 
1847-49 Wichmann - - - - - - - - - - - —0°436 — 158 
1857 Winnecke - - - = - = - - - = - ~—1:088 — 162 
1851-63 Main - - w= es 6 soe = = = = = 1182 “091 190 

1876-77 Hartwig - ec is) “057 76 
s 

B.—DOUBLE IMAGE MICROMETER (AIRY). 

i. Prob. Error. Aperture. 
“ Wf mm. 

1862-65 Kaiser - ee ee eee ee ee =H 0°F772 -L0 -042 189 
1840-52 Main - - - = = = = = = = = = - 0°50? — 170 
1873 J. Plummer - - - = - - - = = = —0'546? — 152 

C.—ROcCHON’s MICROMETER. 

i. Prob. Error. Aperture. 
vy td mm. 

1810-15 Arago - - - - - - = - - - - - - —1°519 +0 °105 162 

D.—WIRE MICROMETER. 

i. Prob. Error. Aperture. 
ut Wt mm. 

1833-36 Midler - - - - - - - - - - - - +0°651 -L0 073 97 
aes) ‘ . -+-0:116 0 245 1854-57 J. Schmidt - - - - - - - - - - 3 Tp a5g 0 Sue i eee 

UASHLR WG oS Go eee oe e's 6 ae HOC pee 244 

1838-39 Galle - - - - - - - - - - - - - —0'86 — 24 
1871 Vogel - - = = = = - =/= =.= =55 =2°56 ss 293 +5 

The negative sign of the constant error for all double image observa- 

tions is very remarkable, and it appears that telescopes of all apertures 

make the diameter as measured in daylight too small, while there does 
not seem to be any law depending on the aperture. 

The adopted value is a mean of the Oxford, Leiden, and Strassburg 
values, 17.552, which is 0/.60 and 0.65 greater than the results of ob- 

servations of Venus in transit, by AUWERS and TENNANT, in 1874. The 

obscured hemisphere of Venus was repeatedly seen during the obser- 

vations. 

* Powers, 120 and 90. 
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The diameter of Mars is deduced (for distance 1) to be polar diameter 
= 9.349 + 0.010 from the mean of ARAGO’S, BESSEL’S, KAISER’s, 

MAw’s, and HARTWIG’S observations. 

The Strassburg observations alone gave polar diameter = 9/.311; 

equatorial diameter = 9.519. 

Many good drawings of Mars were made in 1877, among which those 

of Mr. GREEN, at Madeira, of Mr. DREYER, and of M. NIESTEN, at 

Brussels, deserve especial notice. Mr. GREEN and Mr. BURTON have 
also observed Mars in 1879. 

Neither Mr. GREEN nor any one else in 1877 succeeded in seeing the 

remarkable long and narrow canals-depicted in SCHIAPARELLYS ‘“ Osser- 

vazioni astronomiche e fisiche sull’asse di rotatione e sulla topografia 

del pianeta Marte,” Roma, 1878, 4to;* but M. TERBy has pointed out that 

drawings made by Prof. HOLDEN, at Washington, in 1875, contain these 

canals, and that thus their subsequent discovery by M. SCHIAPARELLI 

in 1877 is fully verified. This paper, published towards the end of 

1878, contains first a new determination of the direction of the axis of 
rotation, the measures being made by placing the micrometer wire tan- 

gent to the middle of the snow spot. The results were, for September 

27-0. 
Areocentr. Long. _ oe centre 29:0466--1:°077. 

cr Polar Dist. §of spot, 6714740123. 
Geocentr. Angle of Pos. of Axis, 164:90---0.10. 

The second chapter contains the determination of the areographic 

position of sixty-two principal points on the surface. From this an 

exact map on Mercator’s projection has been constructed, but as only 

two colors are used, blue and white, to represent dark and bright, and 

no shading at all is given, it is rather difficult to compare this map with 

others. The innumerable “canals,” which in all directions cross the 

map, increase this difficulty. Jour representations of the disk in ortho- 

graphic projection (Table V), founded on all the drawings made at 

Milan, are very much more adapted to be compared with other maps. 

One of the most important publications of the year is the eleventh 

volume (Part I) of the “Annals of the Observatory of Harvard Col- 

lege,” containing Professor PICKERING’s Photometric Observations 
made with the 15-inch refractor. The author first made experiments 

with a Zéllner’s photometer and other instruments in which the star is 

compared with an artificial light, but on account of the want of simi- 

larity between the real and the artificial star, and the difficulty of ap- 

plying a correction for changes in opacity of the air, which only affect 

the real star, the use of a lamp was abandoned, and all comparisons 
were made with some bright star in the vicinity of the object observed. 

All variations in the condition of the air were thus eliminated, both ob- 

jects being equally affected by it. To insure a comparison free from 

*Of this remarkable work a German translation is about to appear. M. O. STRUVE 

has given a very full account of it in the Vierteljahrsschriit der Astronomischen 

Gesellschaft, XIV, p. 22-39 (1879). 
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personal equation or variations due to the observer, it is very desirable 

that the objects shall resemble each other as much as possible. This 

result is secured by bringing the images to be compared close together, 

so that they are both viewed with the same aperture and magnifying 

power, and the light of both is equally distorted by passing through the 

same lenses and prisms. <A detailed description is given of the many 

photometers employed.* 

These photometers could only be used for comparing objects very 

near together, such as double stars or satellites. For somewhat greater 

intervals two achromatic prisms of small angle were placed in front of 

a telescope, covering the central part of the object-glass. Two images 

of any object would thus be formed, separated by an interval depend- 

ent on the angle of the prisms, and on their relative positions. 

All the photometers described are open to the objection that the loss 

of light is very great, from 60 to 80 per cent. This was especially felt 

during the observations of the satellites of Mars, and Jed to the inven- 

tion of another class of photometers. The image of some bright star, 

assumed as standard, passes outside the telescope, and is reflected into 

the field, after having been reduced by some known amount, until it 
equals the faint object to be measured. 

The instruments having been described at length in Chapter I, the 

second chapter contains the journal of the observations, while the dis- 

cussions are given in Chapters III and IV. Conjunctions of planets, 

already alluded to above, afforded a good opportunity for comparing 

their relative brightness. The results are: 

Albedo of Saturn Albedo of Jupiter 
= a ee 9) = 

Albedo of Mars ~~ 4,620.07 Albedo of Venus 
= 0.86-4.0.02. 

A series of photometric measures of all the more conspicuous double 

stars is discussed in Chapter IV. 

Part II of vol. XI of the Annals of Harvard College Observatory con- 

tains the determinations of the brightness of various satellites. In these 

researches Prof. PICKERING had great difficulties to overcome on account 

of the extreme faintness of some of the objects whose light was to be 
measured; the results, however, are of special interest, as affording 
some idea of the real size of these minute members of the solar system. 
Prof. PICKERING’S attention was first directed to the newly discovered 

satellites of Mars, and he devised various new forms of photometer for 

the examination of these faint objects. These photometers are all de- 

scribed in Part I, and the first two chapters of Part II (Chaps. V and 
VI) are devoted to determinations of their constants, by various meth- 

ods. The problem was one of great difficulty, involving the measure- 

ment of a photometric interval as great as that between the Suan and 

the Moon, the planet Mars being several hundred thousand times as 
bright as his satellites. As a direct comparison was impossible, the 

light of the satellite was compared with that received from a small por- 

*An abstract of this description is given in Nature, XXI, p 23. 
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tion of Mars through a small hole 1-100th of a millimeter in diameter, 

a. €., 1-100th of the diameter of Mars, or about 40 miles, the diameter of 
Mars in the telescope being one millimeter. Much difficulty was expe- 

rienced in making such a hole, and it was only after various attempts 

‘that Prof. PICKERING succeeded in boring suitable ho!es in a piece of 

platinum foil gummed on a glass plate. 

The light of Mars seen through the smallest hole that could be made 

was, after all, much greater than that of the satellite, which must there- 
fore, if its albedo or reflecting power is about the same as that of Mars, 

have a diameter much less than 40 miles. 
The following are the results of comparison with Mars, as well as with 

Saturn and certain faint stars near which the satellites passed : 

Mars=667,000 x Phobos in 1877; equiv. diam.=5.57 miles. 

Mars=879,000 x Deimos in 1877; equiv. diam.=4.9+ 0.1 miles. 
Mars=550,000 x Deimos in 1879 ; equiv. diam.=6.1-+ 0.1 miles. 
Mars=461,000 x Deimos foll. Mars; equiv. diam.=6.7 miles. 

Mars=673,000 x Deimos prec. Mars ; equiv. diam.=95.5 miles. 

The equivalent diameter of the satellite is calculated on the assump- 

tion that its albedo is the same as that of Mars. 

It appears, then, from Prof. PICKERING’S results that Deimos was ap- 

parently much brighter in 1879 than in 1877, and that it was brighter by 

nearly half a magnitude on the following side than on the preceding 

side of its orbit. In support of this Prof. PICKERING points out that 

there is a large preponderance of micrometer observations of Deimos on 

the following side, showing that the satellite was more easily seen in 
that part of its orbit. The micrometer measures of Phobos were nearly 

equally distributed. No photometric measures were made of this satel- 

lite in 1879. The general result of all the observations is that Deimos 

is about 14.5 magnitudes (on the photometric scale) fainter than Mars, 

and about 0.3 magnitude fainter than Phobos, the equivalent diameters 
of the two satellites being about 7 and 6 miles respectively, correspond- 

ing to 0.010 and 0.009 at mean distance. That is, the satellites are 
fainter than an area of the surface of Mars having a diameter of 0/’.01 

at distance unity, or 1-1000th part of the diameter of Mars. Notwith- 

standing the minuteness of the points of light compared, a difference 

in color was detected between the outer satellite and Mars, Deimos ap- 
pearing to be blue, whilst the artificial star formed by Mars was noted 
as red. 

The observations of the satellites of Jupiter in Chapter VIII are of 

Special interest, from the comparison of equivalent diameters (photo- 

metrically inferred) and the diameters as actually measured. The fol- 

lowing are the results: 

patevlitona cs. sateen, (Se ae ite Tit: IV. 
MESON) = > ney Ft eyo rs 1786 2032 1271 3597 
Equivalent diameter - - - - - - 0”.873 0.818 1.035 0.615 
Measured diameter - - - - - - 1.081 0.910 1.537 1//,282 
Relativealbedo - - - - - - - - 0.652 0.809 0.453 0,230 



208 ASTRONOMY. 

The first line gives the ratio of the light of Jupiter to that of each of 

the satellites, the last the albedo relative to Jupiter. To obtain the ab- 
solute albedo for each satellite, the relative albedo must be multiplied 
by the albedo of Jupiter (0.610). The view that the light of the satel- 

lites is variable is not confirmed by Prof. PICKERING’S observations. 

A large number of photometric measures of the eight satellites of 

Saturn were made in 1877-8, special attention being devoted to the 

variations of light of Iapetus, which were found to extend from 40 to 

140 (taking the mean brightness as 100). The following formula was 

found to represent the variations of light: 

L = 100 — 50 sin v + 10 cos 22, 

where L is the light of the satellite at any longitude v. 

On this formula Prof. PICKERING remarks, ‘‘The absence of the term 

c cos v shows that if the variation in light is due to unequal brightness of 

the two hemispheres of Iapetus, one-half of each will always be turned 

towards Saturn. In other words, it would present to an observer at the 

north pole of Saturn the appearance of a half moon, the semicircle to — 
the right being about four times as bright as that to the left. 

‘¢‘Some doubt is thrown on the term e cos 2v, since the comparisons — 

with Saturn do not confirm its presence. Since the value of eis positive, 

it cannot be supposed to indicate that Iapetus is elongated in the direc- | 

tion of Satrrn, although a slight elongation of this kind is probably im-_ 

plied in the assumption that the satellite turns once on its axis during © 

each of its revolutions. An elongation sufficient to produce this effect — 

might be caused by the attraction of Saturn, but it would be far too” 

small to be perceptible photometrically. To make e = + 1, the equato- ~ 

rial diameter of the satellite turned towards Saturn should be exceeded ~ 

by that at right angles to it in the ratio of 9 to 11; so great a differ- R 

ence does not seem probable. The term ecos 2v could also be accounted ; 

for by two bright or dark spots on the satellite. A dark spot on one” 

side covering less than a hemisphere would also give a variation in light 

closely resembling that given by that in the formula. The most natural’ 

explanation, however, is that the dark and light portions are irregularly ‘ 

distributed on itepeana, like the land and water on our Earth, and that 1 

one hemisphere is, on the whole, much darker than the ee. The 

smaller variations may be assumed to be such that the formula given 

above represents them closely.” 

The following are the equivalent diameters of the satellites in miles | 

found by Prof. PIckKERING: Mimas 292+9; Encleadus 370410; Tethys} 

570418; Dione 5421417; Rhea Gos 27; Titan 1406452; Hyperion } 

19345; Teves. mean 486+ 4, max. 574, sia 307. 
The satellites of Uranus and N apne have the following equivalent t 

diameters (in miles): Titania 586416; Oberon 544115; satellite of f 

Neptune 2260+60. The large eaibalont diameter of ne satellite of | 

Neptune is noteworthy. 

Determinations are also given of the equivalent diameters of some 
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of the minor planets, as follows: Pallas 167 miles; Juno 94-44; Vesta 
319+10; Antiope 5143; Brunhild 20+3; Eva 1441; Menippe 12-1. 

Though these equivalent diameters must not be accepted as actual 

diameters, they doubtless give a pretty close approximation to the size 

of the smaller members of the solar system, even allowing for a large 

uncertainty in the albedo. It would seem from the Harvard College 

determinations that some of the smaller asteroids are at any rate com- 

parable in size with the satellites of Mars, and the step from these to the 
larger meteorites is not a very largeone. The volume also contains pho- 

_ tometric measures of 103 unequal double stars and some miscellaneous re- 

sults. Great care has been taken throughout to avoid systematic errors 

by varying the methods of observation, but it is certain that some of the 

measures of the light of faint companions to bright stars are in error, as 

shown by comparison of pairs of the same assigned brightness. 

A work of some magnitude has been undertaken by Prof. PICKERING 

during the past year in the determination of the light of all the stars 

visible to the naked eye at Cambridge (Mass.) As most of these stars 

would be very troublesome to identify in the field of a photometer 

- mounted on an ordinary stand, they are observed in the meridian. The 
photometer consists of a horizontal telescope pointing to the west, and 

having two objectives. By means of two prisms mounted in front of the 

telescope the pole star is reflected into one object-glass, and the star to 

be measured into the other. The cones of light are made to coincide by 

a double-image prism. the extra images being cut off by an eye-stop. 

The star to be measured is thus seen in the same field with the pole star, 
under exactly the same conditions. To determine the relative transpar. 

ency of the air at different altitudes, a list of a hundred cireumpolar 

stars has been prepared, to be observed at both upper and lower culmi- 

nations. Progressive changes in the light of the pole star may thus also 

be detected and eliminated. 
A Persian MS. of ULuGH Bua’s catalogue of stars recently presented 

to the Royal Astronomical Society has been examined by Mr. KNOBEL 
(M. N. xxx, 337), and compared with HybDf’s translation. A great many 

discrepancies have (as was also the case with SOF) been found to arise 
from certain characters being mistaken for others by the transcriber, 

and Mr. KNoBEL was hereby led to examine those of IBN JUNIS’S lunar 

eclipses, which Prof. NEwcomps had found to be irreconcilable with the 

computations, and he suggests explanations, founded on the assumption 

of similar errors having been made in copying a MS. The magnitudes 

of ULuGH BEG never having been properly translated, Mr. KNOBEL 

gives a complete translation of the magnitudes as found in the MS. 

under examination. 

Jupiter.—Dr. SCHMIDT has made a new determination of the time of 

rotation of Jupiter upon its axis, from observations in 1879 and 1880, of 

the red spot upon its disk. His preliminary discussion gives for the 

time of rotation 9h. 55m. 34.42s. 

S. Mis. 31 14 



210 ASTRONOMY. 

On the evening of February 2, Jupiter was passing near the star B. A, 

C. 303 (73 Piscium), and the opportunity was taken at the observatory 

of Harvard College to compare photometrically the third satellite of the 

planet, with the star. Three observers took part in the work, and four 
sets of measurements, each consisting of eight single comparisons, were — 

made. The result obtained was that the star was fainter than the sat- 

ellite by 0.38 magnitudes of PoGson’s logarithmic scale. For the mag- 

nitude of the star we have 6.16 by the mean of the available estimates 

on record, and 6.17 by the observations made at this observatory with 

the meridian photometer. The resulting magnitude of the satellite is 

5.28 or 5.29, in close agreement with the value, 5.24, found by a very 

different method, in the Annals of the Observatory, Vol. XI, p. 276. 

Saturn.—A letter from Prof. HASTINGS, of the Johns Hopkins Uni- 

versity, puts an important point in regard to the nature of Saturn’s rings 

(C, the dusky ring, B, the inner bright ring, A, the outer ring) so briefly 

that it may be quoted. “The ring C projected on Saturn is dark; if 

the ring were composed of particles having the same albedo as the planet 

it would appear neither bright nor dark, as it would return to us by re- 

flection the exact equivalent of what it intercepts. But the albedo of B 

is greater than that of the planet since it is the brightest part of the 

system. Hence either the material of C is different from that of B, or 
the planet is self-luminous.” 

Possible planets beyond Neptune.—Prof. FORBES, of Edinburg, and Mr. 

D. P. Topp, of Washington, have, during the year, published accounts 
of their theoretical proofs of the existence of a planet or planets beyond 

Neptune. Prof. FORBES founds his conclusions upon the statistical dis- 
tribution of the aphelia of comets. These have long been known to be 

grouped at certain distances from the sun, with empty spaces so far as 

known between groups. There is a group of eleven comets whose aphe- 

lia are at Jupiter’s mean distance, 5, and another group of six comets 

about Neptune’s distance, 39. 
Another well marked group of seven comets have aphelion distances © 

of about 100. 

The theory of the introdution of comets into the solar system, proposed — 

a few years since by Prof. Newton, of Yale College, is made the basis of 

the investigation, and according to this, any comet which is drawn into 

our system from outside and its elements so changed as to make it a 

permanent member of the system must have been so influenced by a 

planet which was somewhere near the aphelion point of this comet’s 

orbit at the time of its introdution. 

If the aphelion points of the seven comets of the last group described 

be marked on a globe, it is found that they lie on or near a great circle. 

Prof. ForBEs further finds that a planet revolving at a distance 100 in a 

periodic time of 1,000 years might have been at the points so marked 

during the period cf two revolutions of the comets of this group, and from 
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this and other reasons it is coneluded that there is such a planet revolv- 

ing at the distance of about 100, which is at present in R. A. 11" 40™ N. 
BP. D. 87°. 

Similar considerations are applied to the next group of comets of 

aphelion distances about 300, and evidence of a disturbing planet at this 

distance also is adduced. Prof. FORBES has applied the method he has 

used to the case of the comets which we know to revolve near Neptune, 

and, without any knowledge of Neptune’s real position, he found that 

the aphelion positions of these comets indicated the existence of a planet 

in longitnde 45°. In fact, Neptune is now in longitude 48°, From all 
of which Prof. FORBES concludes the existence of at least one ultra-Nep- 

tunian planet in the position indicated, 7. e., for 1880, R. A. 11" 40™ N. 
ee 1). 87°. 

The publication of Prof. FoRBES’S results has caused Mr. Topp, of 
Washington, to print the results of some investigations he has made in 

the motions of Uranus and Neptune as compared with Newcomb’s tables 

of these planets. Proceeding by a graphical method he was led to the 

conclusion that there must be a planet exterior to Neptune revolving in 

an orbit inclined about 13°, whose ascending node is at longitude 103°, 

and whose longitude is about 173°, or, for 1881, March, its position is 
rea tt 377 NP. D: 87°. 

In other words, Prof. FORBES and Mr. Topp, proceeding on utterly 

‘different data, have arrived at identically the same result. In each case 

the data are insufficient and the exact agreement is accidental. Still 

it is noteworthy. q 
It is extremely doubtful if such a planet would be recognizable by 

its disk at this distance from the sun. Still, Mr. Topp made a search for 

it with the 26-inch telescope at Washington, without success however. 

The true method of research would be the accurate mapping of this 

portion of the sky—a work of several years. 

Minor Planets —The following discoveries were made in 1879: 

Date. No. Name. Discoverer, ' 

1879. 
Webruary 17- - -| 192} Nausika- - - - - -+-+-+-.- Bec ao Ceecw ree Palisa. 
Mebruary 28- - -| 1983 | Ambrosia - - - - - - - - SO wo) osc S - - - | Coggia. 
Hee se 6 0 TI Wein oe oS 5 Bio See eS S aes Peters. 
Beprie28, = = - -| 195 | Hurycleia - - - - - - = 2+ s+ es +2+-+-+2 es Palisa. 
lg 23): 196: Philomelay = i-.<: 4 - o<) «+ 2 eetsiiae et ai Sa “Hl Peters: 

Minveti= = = = -| 197] Arete- - - - - RUS Ke 66 46.c S Be SS Sy aebins 
Srnce oem =n een) 198) Ammpellai-, <=) == =) « <= = = « = - - - - =| Borrelly. 
Migly9 - - - - - 199 | Byblis- - - - - B oS OG Bob Sag S06 i626 6 Leah 

Seely 27- - - = - 200 | Dynamene- - - ----+-+----+-- -iim =) = beters. 
Aucust7- - - -| 201| Penelope ------- = - eo 6 ea So || lembishys 
Semtempercs) = - |) 2021) Chryseisi-. = = =. = = = - = = = = = = - - -| Peters. 
meptember27 . - | 203 | Pompeia- - - - - - - - - Sho 0S. ea Oecuis - - | Peters. 
lta Bo eo SP OWT IMORITG I bo 6 66s 66 5 oo oe ae oi es | alisa. 
BORIS Omit 82)|, 205: |) celianer sc. cs 2 ss: = Sew ve LS &omini oct Palisa. 
FREI) oo SIL Qe aeetth, ois 6 f Ao a a Oo 6 eo Geo olecec Peters. 
October 17 - - -| 207 6 te Be Gln Nb etmek ears Peo eo Oe - - -| Palisa. 
Rena meee tans (PO OOSal) oan) ma eeied ey keiewiee Jey Sets el of a Me, Vek ee) exe Palisa. 
ates eee ered 2098 | ido) ames oie ar cee re) oss as eee sh aaili\hi=) |PROLOLS: 
RHE HO Me P10) ||) nek sl omiet eee ei sh Sere BY Gate Monae CAE = =5/ Palisa. 
 seunlerii@e co Sy) SOTBIE 5 SS a 68s SNS TEN Sy Se Peer ocr oe Palisa. 
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Frigga (77) was refound by PETERS on July 17, 1879, after having been | 
at large for several years. Prof. PETERS suggests that Frigga may be. 

variable. “7 

The discoveries for 1880 were: 

— oe ae Date. | No. Name. Discoverer. 

1880. 
Hebraary 6 = = = |- 212°] 2 0< = 2 ss) =: = « sibs Pohce wonts) => stay oie Palisa. 
February 17- - -| 213} Lilaea- - - - -~ +--+ .e = sss == se se Peters.* 
Maren <8 <5-= ve |) 214: | 5 Seb. teh iors? Sai =) a) Ba) ete Bee eo eee Palisa. 
PAD EIN fimaorne. = ye l= 2150|;Oenone gnosis) = “= am coun ee Knorre. 
ADL O ES Ae, 2? =| 2063] Fala ere ierirey fie) rei he Pat Sra een oe aye ere ee Palisa. 
FATIOU SSO =e = msl) Bae imi) em relia l=: as lyme en - - - | Coggia. 
Heptem ber 4% =< lal DUB NM A arte rm ie colar ter oie te tw Be SENoret te Pam rantn ei | Palisa. 
september 30 = +.) 2199) = = « = - <3 = = = siete = = = = + =i) = | Palisa.t¢ 

| 

* His 41st discovery. + His 28th discovery. 

The Jahrbuch for 1882 gives some details regarding the first 173 as- 

teroids, which we condense as follows: Out of these 173, there are 120. 
which have been satisfactorily observed at 5 (or more) oppositions, 11 

which have been observed at 4 oppositions, 10 at 3, 14at 2, and 18 at1 
only. Of theselast 18, some are new discoveriesand only Dike (BORELLY), 

and Scylla (PALISA) are yet to be rediscovered. Juewa (WATSON) has 

been lately found, after having been lost six years. 

The Moon.—The lunar photographs taken with the 13-inch reflector at 

the University Observatory, Oxford, have been utilized for finding a 

new value for the semi-diameter of the Moon. The process adopted was 

very nearly the same as that employed by WICHMAN, and the resulting 

mean semi-diameter is 15/ 34” .175 + 0.069. Mr. NEISON has, from a 

careful discussion of nearly 1,100 observations, made at Greenwich, Ox- 
ford (RADCLIFFE), and Washington, deduced the value— . 

15/ 33/.37+4.10=(1 + 0.70 x aperture in inches). 

This empirical formula, he adds, agrees closely with the theoretical 

formula, founded on the assumpution that the differences between the 

semi-diameters obtained with instruments of different aperture vary aS 

the diffraction discs and the amount of light. Applying the formula to 

a 13-inch reflector, and adding the photographic irradiation, which Mr. 

NIESON states his experiments indicate to be about + 0/.3, the photo- 

graphic semi-diameter should be 15/ 34/’.08. 

No papers on the Moon published during the past year exceed in im- 

portance those by Mr. G. H. DARWIN on the secular effects of tidal frie- 

tion on the configuration of a planet and its satellite. In the first paper 

the theory of the deformation of a viscous or imperfectly elastic spheroid 

under the attraction of satellitesis investigated. Numerical calculations 

show that bodily tides inthe Earth are at present very small. From this. 

pomt Mr. DARWIN was led to consider the perturbed rotation of such’ 
a spheroid, and the reaction on the perturbing bodies. He has in 

the A. N. 2294 given the following summary of the results arrived at 
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through these investigations, which, no doubt, mark the beginning of 
anew era in our knowledge of the past history of the solar system: 

1. The lunar period must have been shorter in the past, and may be 

traced back from the present 27.3 days, until initially the Moon revolved 
round the Earth in from two to four hours. 

2. The inclination of the orbit to the “proper plane” must have 

been larger in the past, and may be traced back from the present 5° 9/ 
until it was 6° or 7°. This was a maximum inclination, and in the 
more remote past the inclination was less and initially was very small 
or zero. 

3. The inclination of the proper plane to the ecliptic must have been 

_ greater in the past, and may be traced back from its present 8” until it 

_ was in very early times about 11° 45’. It is possible that initially this 

inclination was less, and that the 11° 45’ was a maximum value. 

4, The eccentricity of the orbit must have been smaller in the past. 

Hither at one time it hada minimum value, before which it had a 
maximum value, and, again, earlier it was very small or zero, or else 

the maximum value never occurred, and the eccentricity has always 

been i increasing. The history of the eccentricity depends on the nature 

of the tides in the Earth, but the former of these alternatives seems 

the more probable. 

At the present time the Earth rotates in twenty-four. hours, its equa- 

tor is inclined at an angle of 9’ to a plane which Mr. DARWIN calls 

“the proper plane of the Earth” (the mean equator). This proper 

plane is inclined at an angle of 23° 28/ to the ecliptic, and its intersec- 

tion with the ecliptic is the equinoctial line. He finds that the fric- 

tional tides in the Earth have caused changes which may be summa- 

F rized as follows: 

d. The day must have been shorter in the past, and it may be traced 

back from its present value of twenty-four hours until initially it was 

from two to four hours in length. It was then identical with the Moon’s 

period of revolution as described in (1). 

6. The inclination of the equator to the Earth’s proper plane must 

_have been larger in the past, and may be traced back from the present 

value of 9” untilit was about 2° 45’,. This was amaximum inclination, 

and in the more remote past the inclination was less, and initially it 

_ Was very small or zero. 

7. The inclination of the Earth’s proper plane to the ecliptic must 

have been smaller in the past, and may be traced back from its present 

Value of 23° 28/ until initially it was 119 45/, or, perhaps, somewhat less. 
Tt was then identical with the proper plane of the lunar orbit, and this 

is true whether or not 11° 45’ was a maximum inclination of the lunar 

proper plane to the ecliptic as described in (1). 

The preceding statements may be subject to varieties of detail, ac- 

cording to the nature of the tides raised in the Earth, but the Aber eis 

&@ Summary of what appears to be the most probable course of evolution. 
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The hypothesis which is suggested as most probable is, that the more 

recent changes in the system have been principally due to oceanic tidal 

friction, and that the more ancient changes were produced by bodily 

tidal friction. The initial state of the Moon, nearly in contact with the 

Earth, and always opposite the same face of it, suggests that the Moon 

was produced by the rupture in consequence of rapid rotation or other 

causes of a primeval planet, whose mass was made up of the present 

Moon and Earth. It is a remarkable coincidence, that the shortest pe- 

riod of revolution of a fluid mass of the same mean destiny as the Earth, — 

which is consistent with an ellipsoidal form of equilibrium, is two hours — 
and twenty-four minutes; and that if the Moon were to revolve about | 

the Earth with this periodic time, the surfaces of the two bodies would — 

be almost in contact with one another. The theory gives an interesting — 

explanation of the rapid movement of the inner satellite of Mars. 

2 ASTRONOMY. 

OBSERVATORIES. 

The buildings of the new observatory of the University of Strasburg 

have been completed, and a description and plates of them made by the 

director, Dr. WINNECKE. The principal instruments are: 

A meridian circle by REPSOLD; aperture 162 millimeters (6.4 inches). 
An altazimuth by REPSOLD; aperture 136 millimeters (5.4 inches). 
A refractor by MERZ; aperture 487 millimeters (20.2 inches). 

An orbit-sweeper by REPSOLD; aperture 163 millimeters (6.4 in- 

ches). 

There are three buildings—one large one containing the residences of 

the astronomers, and two smaller. 

On the main building is the large iron dome, some 39 feet in diameter. 

There are two novelties in its construction: First, the shutters to the 

dome are made in two parts, and extend from horizon to horizon. They 

are opened symmetrically by screws, and leave the whole 180° open at 

once. Secondly, the dome, which weighs about 93,000 pounds, is turned 
by means of heavy weights, which are wound up from time to time as 

required. A touch from the observer will release these, and their fall 
will turn the dome right or left as required. The working of this dome 

will be attentively regarded, as most of the difficulties of such structures 

appear to have been successfully avoided. In windy situations the 

whole slit must not be opened at the same time, but the principle of 

these shutters properly modified will serve even in this case. The dome 

of the new Naval Observatory at Washington is to be of the turret con- ~ 

struction, by which form the difficulties of shutters can be evaded. ’ 

The 27-inch refractor for the Vienna observatory has been 7. | 

by Mr. GRUBB, and is now mounted, and is said to be satisfactory. An 

elaborate description of it is published by Mr. GRUBB as a reprint fom: 

Engineering. 

Mr. A. A. COMMON has mounted his new 36-inch silver-on-glass equa: 

torial at Ealing, near London. It is described in “The Observatory,” 
mid F 

oo Lo 
a 
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IH, p. 167, and Mr. CALVER has given a very full account of the pro- 

cess of figuring and silvesing the mirror in the M. N. for November. 

A new observatory has been founded at Kaloeza in Hungary, by Car- 

dinal Archbishop HAYNALD. Dr. CHARLES BRAUN is the director, and 
the chief instrument is a 7-inch refractor by MERZ. 

Another private observatory has been constructed at Plonsk, about 

37 miles from Warsaw, by Dr. JEDRZEJEVICZ. The principal instru- 

ment is 6.4 inch refractor by STEINHEIL, to be used for observations of 

double stars. 
The new observatory of Queen’s College, Cork, though furnished only 

with small instruments, promises to become one of the most remarkable 

astronomical institutes existing, on account of the unique character 

and refined construction of its instruments. These have been de- 

scribed at some length in the Scientitie Proceedings, Royal Dublin 

Society, by their constructor, Mr. HowArp GruBB. The principal 

instruments are an 8-inch equatorial, a 5-inch transit circle with 20-inch 

circles of glass, and a 4-inch siderostat of novel construction. The tel- 

escope of this instrument points towards the south pole, and carries 

outside the object-glass a plane silvered mirror, which, by the rotation 

of the tube round its optical axis (either by hand or clockwork), will 

keep the object under examination in the center of the field. 

An observatory is being built on the site of the ‘‘Casa deg!’ Inglesi,” 

on Mount Etna, 9,650 feet above the sea. It is only to be inhabited 
during the months of June, July, August, and September; and the 12- 

inch lens, by MERZ, is then to be brought to Catania, where there is to 

be a duplicate mounting for it. The observatory is to be devoted to 

solar work, for which its high elevation, according to the experience of 
Prof. TACCHINI, as also of Prof. LANGLEY, makes it especially suited.* 

M. BISCHOFFSHEIMis building anew observatory at Montdes Mignons, 

Nice, of which M. PERROTIN, of the Paris Observatory, has been ap- 

pointed the director. A sum of 900,000 francs is to be spent on it. 

It is now more than five years since JAMES Lick, of San Francisco, 

placed in the hands of trustees the sum of $700,000 for the purpose 

of erecting and equipping an observatory near the Pacific coast, which 

was to constitute the Lick Astronomical Department of the University 

of California.t The site originally chosen was at Lake Tahoe; but 

afterwards a series of experimental surveys was made, with a view 

of obtaining the best location in an easily accessible place. Finally, 

Mount Hamilton, in Santa Clara County, about 50 miles southeast of 

San Francisco, was chosen, and negotiations were opened with the 

county authorities for the building of a road to the summit. More than 

1,500 acres of land were secured for the observatory, only a small por- 

tion of which is essential to the immediate needs of the buildings, but 

*A plan of the observatory is given in Nature, xix, p. 558. 

tThe following account is borrowed from The Kansas City Review of Science and In- 

dustry, Vol. III., p. 482. (December, 1879.) 

3H 
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the residue will be utilized for pasture, and for fuel and water-supply. 
The steep and broken character of the ground renders a large surface of 

land necessary for the adequate protection of the observatory from fire 

and intrusion. 

In order to observe the transit of Venus in 1882, the Lick trustees 

have secured a 12-inch refractor, made by ALVAN CLARK & Sons, who 
are to make a 36-inch refractor later. A 4-inch transit instrument has 

been ordered from FAurH & Co., Washington, to be mounted in 1881. 

A plan for the buildings has been made by Professors NEwcomB and 

HOLDEN, in which the library, study, computing and sleeping rooms 

are to be attached to the main building, and the dwelling-houses, ete., 

will be close by, on a shelf of the hill lower down. 

The second volume of OPPOLZER’S “ Lehrbuch zur Bahnbestinmmung 

der Kometen und Planeten” has appeared in October last, nearly ten 

years after the first volume. Such a work was indeed a desideratum. 

The book enters into the most minute details, and gives examples fully 

worked out to an extent which neither WATSON’s excellent “Theoretical 

Astronomy,” nor the shorter, though in some parts more comprehensive, 

‘Theoretische Astronomie” by KLINKERFUES, have attained. 

Mr. STone having been appointed to the Radcliffe Observatory, Ox- 

ford, Mr. GILL succeeded him as Her Majesty’s Astronomer at the Cape. 

Mr. GILL purchased Lord LiInDSAY’s heliometer, with which he had al- 

ready done such excellent work himself, and had it mounted on a new 

stand by Mr. GruBB. He intends to apply this instrument to investi- 

gations on the parallax of some stars having large proper motions, and 

to researches on southern star-clusters. Dr. ELKIN, of New Orleans, 
goes to the Cape as assistant to Mr. GILL. 

Prof. HOLDEN has been appointed director of the Washburn Obser- 

vatory at Madison, Wis., in the place of the late Prof. JAMES C. WAT- 
SON. 

INSTRUMENTS. 

ALVAN CLARK & Sons, of Cambridgeport, have now on hand, in all 

the various stages of completion, a most interesting collection of large 

refractors, to say nothing of a number of glasses of 8 inches or less di- 

ameter. 

The lenses of the 23-inch equatorial for Prof. YOUNG, at Princeton, 
are receiving the finishing touches, and have already shown a remark- — 

able degree of perfection. The glass was cast by FEL. The mounting 

for this instrument is well advanced. hicaie 
A 16-inch objective for Prof. Swirt, of the Warner Observatory, is — 

finished, and the mounting nearly so. This glass is of English manu- — 

facture. 

The McCormick glass of 26 inches aperture, made at the same time — 

as the Washington refractor, and intended for the University of Virginia, _ 

is still in the shop and has been completed for several years, while the — 

mounting requires but comparatively little additional work. 



Two 8-inch refractors have been ordered and are partially finished— 

one ordered by Prof. YounG for the seminary at South Hadley, and the 
other by Dr. ENGELMANN, of Leipsiec. 

The flint glass disk for the 30-inch telescope, ordered by STRUVE for 

the Russian Government, has been received from FEIL, and the crown 
glass is expected shortly. The mounting for this will probably be made 

abroad. 
For the Lick trustees a 36-inch refractor is ordered, but it will not be 

completed for several years. A 12-inch equatorial for observing the 

transit of Venus is nearly finished, and orders have been received for a 

5-inch photoheliograph and a smaller comet-seeker. 

In all or nearly all of these instruments the cell of the object-glass is 

arranged so as to separate the lenses by several inches and allow a free 

circulation of air between them, as well as to afford an opportunity of 
readily reaching the inner surfaces of the glass. This device is adopted 

in the hope of bringing the temperature of the glass as nearly as pos- 

sible equal to that of the external air, but it remains to be seen if it is 
really advantageous. 
A new 10-inch equatorial, with an object-glass by MERZ, has been 

presented to the Geneva-Observatory by its director, Prof. Emit PLAN- 

TAMOUR. It is to be devoted to observations of the major planets and 

their satellites, of parallax of stars, and of double stars, with occasional 

observations of minor planets. 

ASTRONOMY. ving la | 

ASTRONOMICAL BIOGRAPHY, BIBLIOGRAPHY, ETC. 

The first number of the new International Journal of Astronomy— 

Urania, edited by Drs. COPELAND and DREYER, contains in a very con- 

venient form of 24 demy 4to pages, a number of interesting articles. 

Among others, are the following papers: “Observations of the Spec- 

trum of Comet 1880 d. (HARrwic) at Dun Echt,” by COPELAND and 
-Louss. “A New Planetary Nebula,” by Dr. CopELAND.* ‘Observa- 

tions of Comets 1880 b, ¢, and d, at Dun Echt. “ Uber die Auflésung 

der Lambert’schen Gleichung fiir Parabolische Bahnen,” by Professor 

KLINKERFUES. 
_ A special reterence should be made to the new arrangement given to 

the tables of the American Ephemeris for 1882 by the superintendent, 

Prof. Newcomps, by which it has become the most convenient of astro- 

nomical almanaes. It should have a short Index added to it. 
“Obituary Notices of Astronomers” is the title of a little book by 

Mr. Dunxyy, in which are collected some obituary notices of Iellows 

and Associates of the R. A. S., mostly written for the annual report in 
the Monthly Notices, but revised, and some of them partly rewritten. 

“Répertoire des constantes de ’Astronomie, par M. J. C. HOUZEAU,” 
occupies 271 pages in 4to of the Annales de VObservatoire Royal de 

_ Bruxelles, Nouvelle Serie, T. I. This is a most wonderfully useful pub- 

*This is, however, not a new one, haying been discovered by Mr. BuRNHAM, in 1873. 
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lication, and it is hard to understand how astronomers hitherto have — 
managed to get on without such a handbook; it is only a great pity 

that it has not been published in the shape of a handbook, but in a — 

place where it will not be easily accessible to many people. It gives — 

in twenty chapters, ¢hronologically arranged, lists of all the different — 
values of astronomical constants, which have been published from the — 

earliest times and down to 1877, in all cases describing the way of find- 

ing the particular value and adding exact references, by means of which 

any one can find out for himself all about any value. And more than 
that, the titles of the principal books and memoirs relating to any sub- — 

ject within the range of the repertory are also given, but completeness 

is not aimed at in this respect. The lists of constants are very com- 

plete and nearly always correct, and crities of M. HouzHAv’s work must _ 
first show that they could do better that which is extremely well done. 

M. HouzEAv, who by this excellent piece of work has shown himself 

eminently familiar with astronomical literature, ancient and modern, — 

and who already in his “Catalogue des Ouvrages d’Astronomie et de- 

Meteorologie qui se trouvent dans les principales Bibliotheques de la_ 

Belgique” (1878), has given a very convenient bibliography, is publish-— 

ing a “ Bibliographie générale de ’Astronomie” in conjunction with M. — 

A. LANCASTER, of the Brussels Observatory. This work is to be divided — 
into three parts, Books, Memoirs, and Observations, and will be a most — 
useful guide in the literature of Astronomy. 

An index to the records of observations, ete., outside the ordinary 

routine work at Greenwich, was printed in the Monthly Notices (xxxix, — 

p. 505). 
A complete ‘‘ Subject-Index to the Publications of the U. S. Naval 

Observatory from 1845 to 1875,” 74 pages 4to, by Prof. E. S. Oa 
is published in the Washington Observations for 1876. . 

A list of books and memoirs on celestial spectrum analysis, by M 

FIEVEZ, appears in the “Annuaire de LOOSEN OS de Bruxelles” for! 

1879, pp. 255-338. : 

To commemorate the centennial of the discovery of Uranus, we have 

“Sir WILLIAM HERSCHEL, his Life and Woras,” by Prof. HOLDEN, of” 
the United States Naval Obeenrerans , Washington. 

In 1847 DE MorcGaAwn wrote: “The clear and powerful results of : 

WILLIAM HERSCHEL’s mind lie buried in the Philosophical Tr ansactions, 

inaccessible to the larger portion of those who might learn from them — 

to form a true taste in speculative astronomy, and a true notion of the 

state of our knowledge of the fabric of the universe.” | 
Thirty years after this was written, and two generations after | 

HERSCHEL’S death, there is still no readier means of studying his~ 

works than’the original volumes of the Transactions, now become rare 

and costly. And what is perhaps more widely noticeable outside the— 

circle of special students, there is still no biography of the greatest of 

practical astronomers and one of the most profound philosophers in 

F 
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modern times. The discoveries recited in HERSCHEL’S wonderful series 

of memoirs have now become part of the common stock of knowledge; 
even the most casual reader will care to know how they came about. 

| In seeking to supply for special students the first of these great 

_ wants, by A SYNOPSIS OF THE SCIENTIFIC WRITINGS OF HERSCHEL, 
en ow publishing by the Smithsonian Institution at Washington, which He 

has written in connection with Dr. Hastrres, Prof. HOLDEN has been 

led to supply the second also, for the more general reader, in the biog- 
raphy above named. 

E An account of Part Il of the Catalogus Librorwn of the Pulkova ob- 
servatory must be deferred until the next year, this Tmperient work 

having but just reached this country. 





GEOLOGY. 

By GEORGE W. Hawes, Ph. D., 

Curator in the National Museum. 

SURVEYS. 

Our National and State governments have never failed to appreciate 

that the questions to be answered by geological investigation are so 

numerous, and of importance in so many directions, that public aid 
should be given such studies in order to render them systematic and 

more nearly complete. That we remain most ignorant of the structure 

and geological resources of some of the oldest and ablest States is, how- 

ever, a fact which will attract attention. The investigations that have 

__ been made during the past two years have aided much in developing a 

| knowledge of the natural history and resources of wide areas. The State 

of Pennsylvania, for example, has, through its geologist, Professor Les- 

ley, published now in all,since 1875, forty-two volumes, seventeen of 

which appeared during the last year. This may serve asan example of 

the zeal with which investigation in this department of science has been 

prosecuted. As the amount of work produced is dependent upon the 

_ working force, a statement of some of the more important events that 

have influenced the public surveys will be given. 

| Before the past year the surveys patronized by the national gov- 

ernment had been prosecuted by parties working independently under 

_ the supervision of different executive departments. Although much 

| of the work produced by these various surveys was acknowledged 

| valuable, it was thought by many that if they were consolidated and 

\ placed under one head, this would be of weighty importance in caus- 

ing the work to be more systematically done, and would also prove 

| an economical measure. A committee of the National Academy of 

Science, to which this matter was referred, reported to Congress that 

they advised all government surveys to be consolidated under two 

heads: 1st. A survey of mensuration, by which the work previously 

done by the coast, and geodetic, and land surveys should in the future 

be done; and 2d. A survey to which should be referred all questions 

relating to the geological structure and natural resources of the public 

domain. This resulted in the organization of the present United States 
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Geological Survey, and the withdrawal of appropriations from all pre- 

viously existing surveys. There was much discussion and some feeling 

excited in the selection of a suitable director for this survey, though the 

appointment of Clarence King, who is so well and favorably known for 

his excellent geological work upon the fortieth parallel, produced gen- 

eral satisfaction. He immediately organized a working force for geo- 

logical investigation in the public domain, and although the new survey  , 

has as yet made no reports, the well-known ability of the gentlemen who 

are at work in this field is an assurance of many and valuable contribu- 

tions to science. In the mean time the old surveys have been permitted 

to finish their work, and the result is the addition of several volumes to 

the geological literature treating of the Western Territories. 

Several of the State surveys have issued volumes. The work of the 

large and active corps engaged upon the Pennsylvania survey has 

been already noticed. If in speaking of this and other work by surveys 

I am unable to give any details of their interesting discoveries on ac- 

count of their number, it is none the less important to draw attention 

to the volumes from which information can be obtained upon the struct- 

ure and resources of some of our most important territory from an 

economic standpoint. 

The Wisconsin survey has published a large and valuable volume, 

which contains work by Irving, Pumpelly, Brooks, Wright, and others, 

and which gives much information concerning Lake Superior formations 

and their constituent rocks. The nature and origin of the Lake Supe- 

rior iron ores and copper ores have always been subjects of much inter-. 

est. Foster and Whitney early examined and reported upon these de- _ 

posits, but for many years the testimony of students has been such as — 

to convince that, in opposition to the views of Foster and Whitney, the — 
iron ores are metamorphic strata, and that the copper was introduced — 

into the diabases and sandstones by solutions of copper salts and there _ 

reduced to metal and deposited. Mr. M. E. Wadsworth, however, has 

reopened the question, by having reached the conviction that the iron — 

ores are eruptive rocks, as advocated by Foster and Whitney, and that _ 
the copper also was an accompaniment of the eruption of the diabases. | 

Although few are found at present to agree with Foster and Whitney, it 

is thus seen how difficult it is to establish beyond dispute even the sim- 

plest questions of geological structure. The volume on Wisconsin 

geology treats the iron ores as metamorphic schists, and contains a 

great deal of careful lithological and stratigraphical work. 

It will be remembered that the geological survey of California, which 

was long directed by Prof. J. D. Whitney, has been discontinued. 

What the State refused to do has, however, been pushed forward by 
the private enterprise and energy of Professor Whitney, aided by Har- 

rard College. His volumes upon the auriferous gravels of the Sierra 

Nevadas is a very valuable contribution to science, since it treats of the 
eravels from a geological standpoint, and also of the modes of working 
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them. The author still holds fast to his opinion that the celebrated 

Calaveras skull, which was found by him beneath the lavas and gravel 

of the Pliocene formation, really was deposited with these gravels, and 

is confident that he was not deceived. He is confirmed in his opinion 

by the appearance of the skull and the testimony of others who have 

examined it. On the other hand Hughes, Dawkins, and others are 
convinced that all evidences of man’s existence on the European conti- 

nent before the palolithic age are very unsatisfactory, and the age of 

the Calaveras skull is a thing which even those who believe in its antiq- 

uity will wait to see confirmed. 
The Ohio survey has, under the direction of Prof. J. S. Newberry, pub- 

lished a large volume and an atlas; Alabama, New Jersey, Minnesota, 

Indiana, Virginia, Kansas, and the Canadian geological surveys under 

direction of their respective heads, have issued volumes and reports 

which render knowledge concerning the structure and resources of these 

areas accessible. 

There has been a considerable amount of work done in the mean time 

by individuals. It is to be considered as probable that such work will 

always take high rank in value, because it is undertaken only on account 

of deep personal interest, and is more limited in extent, and therefore 

often more thorough. Much of the work referred to beyond is the 

result of private enterprise. 

STRATIGRAPHY. 

The great mass of the communications to geological science from this 

country have dealt with stratigraphical geology. ‘The volumes of sur- 

veys to which I have referred have been shown to be so numerous that 

I can do no more than to simply indicate that there has been great pro- 

egress in the development of detailed knowledge of the stratigraphical 

arrangement all over the country. I may recall in this connection the 

work of Professor Dana, by which the so-called Taconic system of schists 
are shown to belong to the Hudson River period. The age of this sys- 

tem of rocks, which is of much importance in Green Mountain geology, 

has been long a matter of dispute, and has been discussed by very many 

able geologists, and this is not the first time that Professor Dana has 

expressed his opinion upon this point. His studies have also led him to 

think that the limestones of Westchester County and New York Island 

and the associated metamorphic rocks are of lower Silurian age, as are 

also the limestones and very likely the associated schists of the Green 

Mountain region. These conclusions, if they are agreed in, must be of 

very great importance, for at the present time it is generally considered 

here and abroad that the presumption is in favor of the Archzan age 

of a thoroughly crystalline schist. Note, for example, the German 

nomenclature of the Archean formation. Its lowest member is the 

“Urgneiss” formation, and its next member is the ‘ Krystallinische” 

or the ‘“Urschiefer” formation. The recognition of a whole system 
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of Silurian crystalline rocks would certainly produce a radical change 

in the existing opinions of many geologists. It is indeed recognized 

that fossils have been found among crystalline rocks, but since the — 

lowest formations are crystalline, and the lowest of all are gneisses, 
in the absence of fossils among such rocks they have been called 

Archean. This has been much to the convenience of the geologists — 

and much to the benefit of system. Geologists are slow to change their — 

convictions, therefore, on this point, because also some crystalline schists — 

of claimed modern age, as, for example, among the Alps, have been 

proved to be not so. The unaided work of Professor Dana must be 

considered as an important contribution to the literature of this subject, 
as also to New England and New York geology. One can not but be- 

struck by the fact that while the stratigraphy of the fossiliferous forma-_ 

tions of New York were worked out in such a masterly manner as to 

give the nomenclature to American geology, the crystalline formations, 

both as regards their lithology and their stratigraphy, were left as a 

completely unsolved riddle. 

VOLCANIC PHENOMENA. 

The violent eruption of Mount Etna has been the most important 

volcanic event of the year. This is not because it was so especially 

grand or remarkable, but Etna and Vesuvius have been longer and 

nore critically studied than any volcanoes on the earth; and conse- 

quently every minor event connected with these volcanoes, situated so 

near centres of scientific learning, is very important, while an eruption 

of any volcano in distant lands is less interesting only because less 

studied. Whenearly in May, 1879, it was announced that Etna was in 

eruption, hours had not elapsed before eminent scientists were en route 
from all parts of Europe. The lavas were not cold before they were 

analyzed and microscopically examined; and the number of independent 

works which have followed one another, treating of the phenomena and 

products of this eruption, has been so large as to show the acute 

expectation with which the operations of this great voleano are watched. 

The material erupted formed very large lava streams, which crystallized 

into an augite andesite. Professor von Lasaulx, of Kiel, has recently 

edited the extensive work of Sartorius von Waltershausen on Etna, — 

and has completed it and added numerous observations of his own. 

Vesuvius has also had its eruption, and this has strengthened the 

opinion of some who think that there is some connection between this 

voleano and Etna. Mauna Loa has also had a grand eruption, and the 

voleanie glasses of the Hawaiian Islands have been studied by Cohen. 

But perhaps the most interesting eruption has occurred near us, and 

has been described by Mr. Goodyear and by a commission sent out by) 

the Government of Guatemala. In December, 1879, an earthquake ~ 
oceurred at San Salvador which filled the earth with cracks, broke the | 

telegraph wires, shook down hills, produced great land slides, and opened — 
Dd 
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a volcanic vent in the midst of a lake, about which a large island imme- 
‘diately proceeded to build itself. The lake is called the Ilopango See, 

and is nine kilometers long and seven kilometers wide. The level of its 

waters was raised before the eruption to such a degree as to make a 

flood in the valley of its outlet; and its waters were so heated and im- 

pregnated with sulphureted hydrogen as to exterminate the fish, which 

were very abundant in the lake. The dead fish were buried with great 

labor and expense, in order to avoid pestilence. The voleanic cone in the 

lake repeatedly grew to considerable dimensions, and was as repeatedly 

blown to pieces. This lake is surrounded by volcanic cones, and re- 
minds one of the well-known Laacher See, which, however, has no out- 

let. One looks forward to the time when voleanic phenomena near us 

will receive the critical and continuous study which alone can make 

them of extreme interest. 

Some other European voleanoes beside Vesuvius and Etna have been 

-monographed. The work of F. Fouqué, aided by the French Govern- 

ment, on Santorin and its eruptions, is one of the most beautiful and 
complete treatises which has been devoted toa voleano. The topog- 

raphy of the island, the history of all the eruptions, records of which 

exist in history, outlines illustrating the various changes that have 

taken place in the form and extent of the island, and beautiful pictures 

_ of the microscopic sections, illustrating the mineral composition of the 

various eruptions, all combine to make an interesting and instructive 
volume. Santorin is a crescent-shaped island in the Grecian Archipel- 

ago. It has several craters, part of which are submarine. The last 
eruption occurred in January, 1866, which materially increased the 

Size of the island. This, together with the other historic and the pre- 

_ historic eruptions, are treated in much detail; and the 440 pages of this 

_ quarto volume show how greatly science is enriched by careful study of 

' small areas. 

OO 

LOESS. 

The question of the origin of the loess formations has excited much 

Interest. Loess is that very fine-grained calcareous unstratified deposit 

_ Which occupies the river valleys of many rivers, notably the Rhine. It 

is characterized by the inclusion of the shells of land snails, and by 

' concretions of limestone, which take very peculiar shape, looking very 

| much like potatoes, but liable to take any form. The Germans call them 

loess dolls. This deposit is so firm in its texture that when a cut is 

_Iade through it, its walls will not crumble and wash away, as do the 
_ Walls of ordinary loose material, but for years they will maintain their 

vertical surfaces, and preserve marks that are made in them with knives 

or walking sticks. Indeed, namesand pictures carved an these loess walls 

form one of the characteristic fossils of the formation. Von Richthofen, 

Who knew this formation well, has shown that it, or a like formation, exists 
over large areas in the Asiatic interior, and he has considered that it is 

Seis o1— 15 
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there a wind deposit, and he extends this explanation to the loess in the 

valleys. Pumpelly, who has also had opportunity to see these deposits _ 

in the dry steppes of Asia, has agreed with von Richthofen, but his dis-— 

cussion of the question and the application of the theory to tite formation 

in the Mississippi Valley, incited dissent from Winchell, Hilgard, Broad- 

head, and Todd, all of whom are familiar with the formation in the Mis- — 

sissippi Valley, and who all agree that no eolian hypothesis will explain 

the accumulation of this material, and they consider that the facts show — 

that it was gathered in quiet fresh waters, though salt-water shells are- 

not entirely absent. They show that the Mississippi formation is iden- 

tical with that in the Rhine Valley, and possesses all its strange pecu- 

liarities, and that hence this river valley formation was not made of 

drifting sands anchored by grass, such as accumulates upon the steppes 

and deserts. ' 
DRIFT. 

Another of the great unsettled problems is the origin of the drift_ 

that is, there still remain advocates of opposing theories. Credner does — 

not hesitate still to refer the drift that covers our northern lands to the” 

action of floating ice, nor is he alone in his opinion. Mr. Upham, who 

worked upon the surface geology in New Hampshire, in connection with 

the geological survey, has traced what he considers the terminal 

moraine of the great glacier sheet that covered the northern portion of 

America, almost across the country. He finds this terminal moraine 

stretching along Long Island, westward across New Jersey, and thus 

onward. He finds remains as well of a second parallel moraine, far- 

ther to the north, which marks a stage in the retreat of the glacier. 

It is worth romance that the drift deposits which cover the extensive 

North German plain have been subjected to much and careful study 

during this period. The character of the bowlders, which are largely 

identical with Scandinavian and Finland rocks, have been much studied, — 
and those works which have attracted most attention, notably that of 
Berendt, do not attempt to explain all facts by referring them all to an 

unyielding system. Rather, the facts tend to confirm a belief in the 

alternations of the action of floating ice and glacier, and distinctions — F 

Between the undoubted action of the one and the other are clearly rec: ) 

ognized. By Mr. Upham, as by most recent students, the effects in 

America have been mostly referred to the action of an immense glacial | 

sheet, with local tributaries, and to the rush of waters attendant upon — 

the melting of this body of ice. 

COAL. 

Small deposits of coal have been found in various geological horizons 

lower than the carboniferous. For example, anthracite of silurian age — 
occurs on the Isle of Man, and is supposed to have been formed from 

an accumulation of alg. It has been found in the graptolite bearing 
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silurian schists of Scotland, Ireland, Portugal, and also in New York 
State. But Inostranzeff has shown that a large bed of anthracite, 

which is worked on a large scale in the Saoneshje region of Russia, be- 

longs to the Huron age. He finds four kinds of carbonaceous mate 
rial, and among these graphite is found. This carries the coal period 

back into the archzean, and is interesting as throwing some light on the 

formation of the graphitic schists. There is, then, no break in the line 

of coal-bearing rocks between the crystalline schists, and the rocks 

bearing tertiary lignites or the recent peat beds. 

The Pennsylvania geologists do not think that position, with reference 

to the disturbing forces that have elevated the Appalachian Mountains, 

will alone account for the formation of anthracite. The coal deposits 

do indeed become more bituminous to the west, but not in such propor- 

tion as would be expected if disturbance were the cause. The character 

of the strata which cover them, and the depth of burial, are of much 
importance in determining the present nature of coal beds. 

CLAY SLATE. 

The origin of slaty cleavage, except so far as that it results from press- 

ure has never been settled. Sorby mixed micaceous hematite with clay, 

and by pressure he caused these scales all to assume a common posi- 

tion, and he argued that such pressures, acting in given directions, could 
give the structure to any of the schists, and cleavage to the slates by 

simply arranging elongated or flattened particles. This experiment has 

often been repeated with various modifications, and it surely is a fact 

that such pressures acting as indicated have produced many features 

that we see in the rocks. Tyndall, however, considered slaty cleavage 

a result of the flattening of particles. Mr. E. W. Hilgard, with agri- 

cultural ends in view, has made experiments upon the flocculation of 

particles, and he shows that fine sediments suspended in agitated water 

tend to flocculate, and form little masses which, acted upon by compres- 

sion, are easily flattened. He, therefore, is strongly of the opinion 
that Professor Tyndall is correct. It may further be said concern- 

ing clay slates, that microscopic study has tended to modify exist- 

ing opinions concerning these. They have been usually considered as 

hardened indurated clays, and classed among fragmental rocks. The 

microscope reveals in these rocks, however, crystalline elements which 

Kalkowski has thought he proved to be staurolite, and which have been 

thought by van Werveke and others to be of rutile. The fragmental 

nature of the rock is very difficult to establish, and with these evidences 
of crystalline structure there is no reason to think that most slate is 

anything more than an excessively fine grained kind of mica schist, 

made perhaps by the same forces acting in a less efficient manner. 

CRYSTALLINE SCHISTS. 

I think it can be said that but little progress has been made during 

the past two years in the study of the crystalline schists, so far as the 
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theory of their origin is concerned. The same old arguments of the 
metamorphism of sediments are advanced, and they are met by the — 
same objections. One would frequently be tempted to think, on read- 

ing treatises that deal with this subject, that the matter was clearly and — 

well understood, yet there still remain many able scholarsto whom “the — 
crystalline schists remain,” as Inostranzeff says, ‘lithological hiero- 
glyphies.” 

Moreover, the study of the rocks themselves has been in a backward 
state. Lithologists have now for years been very busy investigating — 

the eruptive rocks, and the result is that volumes of interesting infor- — 
-mmation concerning their nature and composition have been issued, and — 

a system of classification devised, which, if not satisfactory to all, is at 

least suited to the wants of the time. No very systematic work has — 

thus far been attempted on the schists, and the subject is in a rather 

chaotic condition. Yet it can be said that more studies have been made — 

on local groups of schists during the past two years than ever before, — 

and many new and interesting varieties have been found,and many facts _ 

accumulated for future systematization. The following circumstances — 

may be considered as interesting, and may indicate the character of the 

work performed. 

Olivine has been shown to be a constituent of some hornblende 
schists by Kalkowsky, and a great group of stratified olivine rocks, ; 

which occur in Sweden, have been shown by Reusch, and afterward by 

Brogger, to belong to the crystalline schists. The time was when oli- 
vine was considered as especially characteristic of eruptive rocks, but it 

may be considered that it is very far from being confined to this group. 

The very abundant occurrence of rutile in the schists has been shown — 
by several writers, notably by Sauer. This has provoked much discus- : 

sion, since some minerals, previously referred to Zircon, are probably of 
Tutile. Zircon is, however, sometimes a constituent of the schists. Mr. 
van Werveke thinks the heart-shaped crystals in the whetstone schists — 

may be of rutile. 

It has often been assumed that the rocks composed of triclinic feld-— 

spar with members of the pyroxene and hornblende group were mostly — 

eruptive.. Even plainly stratified rocks of this kind have been con- 

sidered as lava overflows or tuffs. Many studies have been made — 
in the period under consideration which show that such rocks occur — 

abundantly among the stratified schists. Benecke and Cohen describe ] 
such in the neighborhood of Heidelberg, and Rolle a whole series of such — 

from the Rhitic Alps. Fouque and Levy describe such under the name- 

of Amphibolite gneiss; Stelzner such from Lapland, and yet many _ 

others have been mentioned. It will be remembered that this is a sub- | 
ject in which Professors Hunt and Dana have in times past taken much _ 

interest, and the group of crystalline schists is now generally regarded. 

as nin ae rocks of this class. This is an advance. 

Several efforts, notably by A. Sauer, have been made to show that 
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bowlders exist in gneiss. The theories as to the original method of 

accumulation of gneisses would be modified by this demonstration. 

There still remains, however, too much diversity of opinion concerning 
what constitutes a gneiss. It is generally known that a purely eruptive 

granite can assume a stratified structure, and many writers are not clear 

enough in dividing such stratified granites from the group of crystalline 

schists. Little progress will be made till this is done. A gneiss with 

bowlders might be a stratified granite, and granites are liable enough 

to include strange rocks. 

One writer has even urged that gneisses are tuff rocks. He recalls 

that the moon’s surface, upon which water has not worked, is entirely 
covered with eruptive rocks and voleanic products, and argues there- 

from that our oldest rocks must have been volcanic. No one knows, 

however, what were our oldest rocks, and it is generally supposed that 

the primitive rocks were early and finally buried beneath their own 

‘sediments. 

In the mean time Lehmann, Heim, Baltzer, and still others have con- 
tributed to our knowledge of the mechanical distortion, the softening 

and recrystallizing of pebbles and solid rock masses by geological agen- 

cies. 
_ Schists intersected by the Gotthard tunnel, schists from the Fichtel 
and Eulengebirge, schists in the districts of all the geological surveys 

have been studied and their mineral components determined. Thus 

our knowledge of these rocks has been much extended, and one can 

conclude that although no theories are generally adopted, a very long 

step has been taken in gathering together details of information, which 

will all be systematized at some future time. 

LITHOLOGY. 

_ The modern methods of lithological research and the results thereby 

achieved have never received much attention in annual records, nor in 

[ay popular publications. The dropped thread can therefore scarcely 

be with profit taken up as the science stood in 1879. 
_ Lithology has always been recognized as an important department of 

| geology, and the rocks were studied and systematized long ago. Now 

‘that the methods are so much improved, and questions of composition 
are solved with such ease, it is only a wonder to the modern students 
how the older students found out as much as they did. By the most la- 

borious processes at least, the talented geologists of the past generation 
investigated with great acuteness and often discovered with accuracy 

the partial composition of the rocks. 
_ The application of the microscope to lithology has now become an old 
feature. The studies by Brewster on the gems and crystals, of Serby 

‘on crystals and on the cavities in the minerals of rocks, of Zirkel on the 
basalts, and very many others, have long been classic. These studies 

Were made by persons of great experience and keen observational 
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powers, who familiarized themselves with the objects that they studied 

and learned to recognize them. The great step in advance, for the aid 

of the new students, was made by Rosenbusch, who applied the optical 

principles discovered and analyzed by Des Cloizeaux to the examination 

of microscopic crystals as seen in extremely thin sections of rocks. Des 

Cloizeaux having deduced the optical properties of all commonly occur- 

ring minerals, these same properties were sought in the microscopic 

sections, and the determination aided by a microscope adapted to the — 

purpose. The limited knowledge of minerals in general and the lack of — 

knowledge of optical properties, had been the reason why the suggestion — 

of Cordier, who in 1816 recommended the employment of the microscope 

in geology, had never been to any extent followed. During these last 

years a very respectable proportion of the geological literature published 

in Germany has been devoted to microscopical lithology. The study 

has reached a high state of perfection in France, but less of consequence 

has ever been done by the English or Americans. These few words 
may serve as an introduction to the progress of the past two years. 

As one mark of interest in this subject, the change in the editorship 

of perhaps the most important geological magazine should be noted. 

The ‘Jahrbuch fiir. Mineralogie und Paleontologie,’? which for a half 

century had been conducted by Leonhard, and later by Leonhard and 

Geinitz, has now passed into the hands of a trio of editors, one of whom 

represents mineralogy (Professor Klein, of Gottingen), one paleontology 

(Professor Benecke, of Strasburg), and one of whom represents inor- 

ganic geology, and to this office Professor Rosenbusch, of Heidelberg, — 

the eminent lithologist, was called. These gentlemen hore organized a — 
corps of assistants in the various lands, and aim to make this periodical — 

a general exponent of progress in the subjects that they cover. They 

have issued two volumes during the past year, instead of one as hereto- - 

fore, and it is certainly very pleasing to the students to have recourse - 

to such an encyclopedic work now that mineralogical and geological 

literature is so extensively published in a multitude of often inacces § 

sible magazines and proceedings of societies. 

The first treatise that has ever been written upon lithology in the 7 

English language has appeared. There have heretofore, it is true, been | 

translations, notably of von Cotta’s work, and little chapters in geology | 

have been devoted to lithology ; but von Cotta’s book is old, and the | 

chapters in geological works laid claim to few pretensions. The new | 

book is by Frank Rutley, and was published in London. To be sure,’ 

it is very poor, and is mostly abstracted from the writings of Germans, » 
but it is beginning to be improved upon. A | 

In this country, within the past two years, interesting miscroscopic | 

lithological work has been done by gentlemen connected with the Wis-» 

consin geological survey, and some initiative attempts have been made! 

upon rocks in Pennsylvania and Massachusetts. I have already referred 

to the first, and the latter are hardly in a condition to be reviewed yet. 
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One of the most important additions to lithological literature dur- 

ing the past two years is the volume on Minéralogie Micrographique 

Roches Eruptives Francaises, by Fouqué and Levy. The volume, though 

large, is, however, simply an introduction, and treats of microscopic 

minerals and methods of investigation. The volume is accompanied by 

a large atlas of fifty-five plates; this contains lithographic and photo- 

graphic reproductions of sections as seen under the microscope—pic- 

tures which in beauty and accuracy have never heretofore been equalled, 

A question extensively handled in this volume is the means for the 

determination of optical properties in chance sections, while the work of 

Rosenbusch aimed more to show how one might find sections cut in defi- 

nite directions, and then determine their optical properties. By a very 

elaborate study, Fouqué and Levy deduce what properties sections should 

have which might be cut in a multitude of ways through a crystal of 

a given kind. This subject for the feldspars had been earlier opened 

by Professor Pumpelly, in our country. 
Yet however accurate these calculations may be, and how far beyond 

criticism are the results, there are many practical difficulties which will 

cause this method to be applied only to a most limited extent. Much 

more practical and fruitful in results is the method which, though not 

original with him, Thoulet has applied to the mechanical separation of 

rock ingredients. A solution of the iodide of potassium will dissolve 

mercury iodide, and the resultant fluid is heavier than the more common 

rock ingredients, which consequently will float upon it. By addition of 

water the density of this fluid can be reduced to any desired point, and 

the various constituent minerals that compose the powder of a rock 

which is thrown into and mixed with this fluid can be made to settle 

out one by one in a state of purity and fit for analysis. This method 

has already yielded practical results; one of these is the demonstration 

that rocks are even more complex in mineral composition than had 

been supposed, 
This brings us back once more to the question of the feldspathic con- 

stituent of rocks, which is of much importance, because feldspar is the 
most generally distributed of all rock constituents. Many methods 

have been proposed for their determination. Optical methods usually 

allow potash feldspar to be distinguished from the other species, but 

if more than one of the other kinds be present, optical methods only 

allow the one with greatest obliqity of elasticity planes to be determined. 

Consequently, rocks have been usually determined as being composed 

of one species of triclinic feldspar with other minerals, or of one species 

of triclinic feldspar with orthoclase and other minerals. Fouqucé, in his 

work on Santorin, indicated that the feldspathic constituent of rocks 
was more complex, and the application of the specific gravity fluid bids 

fair to prove that this complexity 1s quite general. 



232 GEOLOGY. 

CONTACT PHENOMENA. 

But the determination of the mineral composition of rocks is not the } 

highest end of microscopic work. The mere enumeration of the compo- — 
nents of various stones can prove wearisome in the extreme. When 

the microscope comes to aid in the solution of geological problems, then 

its developments become of the greatest interest. It has been applied 

with greatest success in the study of the changes induced on schists and 

stratified rocks by the influence of eruptive masses. The study of these ) 

so-called contact phenomena had been pursued by students such as — 

Daubrée and Lossen, in the field, with most satisfactory results, but it 

never became so interesting as when Rosenbusch applied the microscope 

and chemical analysis to the study of the rocks that lay against the gran- 

ites in the Vosges. 

Another remarkable case of contact has during the past year been — 

studied and described by myself. In the celebrated Crawford Notch of 

the White Mountains an immense mass of granite, many square miles 
in extent, comes in contact with an area of hydrous schists. If one ap-_ 

proaches this contact from the side of the granite, most marked changes 

are seen to take place, and changes of such a nature that the granite 

would not be recognized as such in the neighborhood of the contact. In 

fact, it becomes a quartz porphyry. But the microscope and analysis 

prove that it is the same granite only modified in the style of its erys- 

talization by the quicker cooling induced by the cold walls. On the side 

of the schist, however, not merely have the rocks been physically altered | 

by the heat of the granite, but they have been materially altered in com-— 

position, and filled with new minerals by reason of an impregnation with 

vapors and solutions brought up and forced far intothem by the eruption 

of the granite. The granite upon the contact is mixed with fragments 

of various kinds of schist which were torn from the walls as the molten — 

rock ascended, and the granite has in places thrown long arms out into — 

the schist. There are seven distinct zones marked by different minerals H | 

and structural features between the granite and schist, and these zones _ 

have definite boundaries and owe their origin to the contact. This | 
same granite in meeting the schists at another point has induced the — 

same series of zones, but the zone of mixed schists and granite is moun-— 

tain great, forming, in fact, Kearsarge and Moat Mountains. I speak of — 

this study as a stage of progress because contact phenomena have re-— 

ceived little attention in America, and the features that determine the — 

eruptive nature of a granite have been ill defined. Granite means al-— 

most anything in this country, and most of the granite masses, including ~ 

this one, have by some been classed among metamorphic rocks. Internal 

structure and lines of stratification, which granites frequently present — 

have been considered as evidences of sedimentary and metamorphic ori- 

gin, although it is well known that volcanic products are often stratified. — 
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Evidences of the origin of many such rocks are to be obtained by the 
study of contact phenomena, and the true line of division between gran- 
ite and gneiss is to be thus deduced. 

EXPERIMENTAL GEOLOGY. 

There has of late years been much less interest felt in speculative ge- 
ology; or rather, it has been the tendency to bring geological phenomena 
more easily within the limits of common comprehension by showing that 
analogous effects can be produced by very simple causes that are within 
our control or limits of our observation. The great work by Charies 
Lyell on the principles of geology, in which he showed that the geo. 
logical forces that are daily active about us, if allowed to operate a suffi- 
cient time, would produce the results that are described by geologi ists, 
was a great move in this direction, and students have been ever more 
and more active in attempting to reproduce phenomena seen in nature 
in the laboratory. Daubrée, who has been very active in this direction, 
has brought together all his researches into a single volume, which he 
calls “Synthetic Studies upon Experimental Geology.” Here one finds 
the results of his celebrated studies on the minerals formed by the hot 
water in the old Roman baths, on the minerals formed in sealed tubes 
containing very hot water, and on the production of minerals by pro- 
cesses of sublimation. Here, also, are detailed the results of experiments 
designed to stratify plastic materials in imitation of rocks, to joint and 
cleave rocks as it is done in nature, and results of experiments designed 
to form artificially products of the nature and composition of meteorites. 
The book is a fascinating one, and contains in addition many new facts. 

Besides this voluminous work, many contributions have been made 

to experimental geology, some of which are referred to under the head 

of mineralogy. It is proper to notice here the circumstance that 

Fouqué and Levy have accurately reproduced leucitic lavas like those 

that have issued from Vesuvius, as well as nephelin-holding and other 
common volcanic rocks. This is interesting, because leucite passes as 

an infusible mineral, and for this reason, and because it is not always 
the first mineral to crystallize in these rocks, the question has been dis- 
cussed whether these lavas result from a purely igneous fusion. So far 

as the possibilities of the case are concerned, the question may be 
regarded as settled. 

EOZOON CANADENSE. 

Perhaps no question in American geology has excited such long and 

bitter controversy, participated in by students who have considered it 

from such varied standpoints, as the question of the organic or inorganie 

nature of this form that has been found in the rocks of various lands. 

Those who have believed in it most fully have been those most familiar 

with its mode of occurrence, and this has always strengthened their 
case, supported as it has been by eminent zodlogical authority. Yet 
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mineralogists have never found it difficult to explain its formation by 
purely inorganic forces. Perhaps the question has never been so near 

settlement as when, shortly ago, Karl Mobius, professor of zodlogy at 

Kiel, published a most exhaustive study of specimens obtained in part 

from the original describers. He concluded, after careful microscopic 
study and comparison with assumed allied forms, that there is nothing 

to justify the supposition of its organic nature. His opinion was, in- 

deed, not of sufficient weight to convince those of fixed opposite opinion, 

neither will probably agreement be ever reached in this generation, for, 

as the believers in it say, the evidences are before us and we have but 

to form our judgment. 

SUBMARINE GEOLOGY. 

Mr. Alexander Agassiz, incidentally to his work of dredging in the 

deep waters of the Atlantic, has found that shallow waters connect the 

West Indian islands with the South American continent, and this, 

together with the notable fact that the flora and fauna of these islands 

are related to those of Central America, and not to those of the southern 
United States, indicate that in past time these were very probably a 

part of the southern continent. This may be considered as another 

addition to geology, gained by the investigation of the ocean’s bottom, 

so many of which were gained by the British expeditions. Professor 

Verrill has found tertiary fossiliferous rocks by dredging off the north- 

ern coasts. 
CHEMICAL GEOLOGY. 

The work upon general and chemical geology by Justus Roth, one 

volume of which is now issued, will be a most important addition to 
literature. This first volume treats of the formation and decomposition 

of minerals, of spring, river, and sea water, and their depositions. It 

contains in abstract, with references, all the work which, up to the pres- 
ent time, has been done upon these subjects, and contains, besides, many 

original contributions. Indeed, this work promises in all its parts to 

form a kind of compendium of the science, which is much needed. 

AMERICAN ASSOCIATION. 

The American Association for the Advancement of Science met this 

year at Boston, and the number of papers presented upon geological 

and mineralogical subjects was so large that a permanent subsection 

was organized to accommodate those especially interested in these sci- 

ences. The election also of Professor Brush, one of our most distin- 
guished mineralogists, to the office of president of the association is an 

indication of the appreciation by the association of labors in these 

departments. 

| . 
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By GEORGE F. BARKER, 

Professor of Physics in the University of Pennsylvania, Philadelphia. 

GENERAL, 

Great activity has been manifested in physics during the years 

1879~80. New and important discoveries have been made, improved 

modes of research have been devised, greater accuracy has been at- 

tained in measures of precision, and more uniform and precise stand- 

ards have been adopted as units. Sainte-Claire Deville and Mascart 

communicated to the International Geodetic Association an elaborate 

paper describing the construction and giving the properties of the new 

platinum-iridium standard of length. The alloy was made by Johnson, 

Matthey & Co., by fusing together 450 ounces of platinum and 955 

ounces of iridium. After suitable working, it was drawn through a 

draw-plate into a baraccurately rectangularin cross-section. Its density 

now was 21.51; and it was found to contain platinum 89.41, iridium 

10.19, rhodium 0.17, ruthenium 0.10, iron 0.06. This alloy is harder and 

more resistant than platinum, is much more rigid, and has a high elas- 

ticity, its modulus being 21,912,000,000, and its elongation-coefficient 

0.0003. Its coefficient of expansion was in course of determination by 

Mascart, the elaborate preliminary measurements only being described.— 

(Ann. Chim. Phys., V, xvi, 506, April, 1879.) C.5S. Peirce has reported 

progress in the comparison of a wave-length with a meter. Using a 

Rutherford ruled plate of 3404 lines to the millimeter, three complete 

measures of Van der Willigen’s spectrum line No. 16 gave for the angle 

of double deviation as a mean 89° 54/19’.5 An error of 0/.4 would 

make an error of a micron in the length of the meter. Subsequently 

another line near the former one was selected, and a finer plate was 

used. As a mean of six closely accordunt measures, the double devia- 

tion was 90° 03/ 51.45. One of these plates had been compared with 

all the centimeters of a decimeter scale. The other is to be compared 

with the even two centimeters of the same scale. This decimeter scale 

was in progress of comparison by Mr. Chapman with the decimeters of 

a meter scale. When done, a meter will have been compared with a 

wave-length.—(Am. J. Sci., I, xviii, 51, July, 1879.) W. A. Rogers 

has communicated valuable papers on metrological subjects, among 
235 
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which may be mentioned those on “ The limits of accuracy in measure- 
ments with the telescope and the microscope” (Proc. Am. Acad., IT, vi, 

168), on ‘‘Standard measures of length,” and ‘On two forms of com- 

parators for measures of length” (Am. Q. Mie. J., January and April, 1879), 

and “On the present state of the question of standards of length.”— 

(Proc. Am. Acad., II, vii, 273.) More recently this physicist has de- 

scribed the construction and early performances of a new diffraction 
ruling-engine, which promises most valuable and important results.— 

(Am. J. Sci., II, xix, 54, January, 13880.) Hilgard has published, under 

date of July 10, 1880, an admirable report upon the methods and results 

of a comparison of the American and British standards of length, in- 

tended to form Appendix 12 to the Coast Survey Report for 1877. The 

final conclusions with reference to the American standards are that 

bronze No. 11 is standard at 629.25 F., iron No. 57 at 629.10 F., and the 
mean yard of Troughton scale at 599.62 F. 

With reference to the molecular constitution of matter, Sir William 

Thomson has continued his researches upon the ‘‘ Vortex atom theory,” 

and has communicated to the Royal Society of Edinburgh papers upon 

“Vortex statics” and upon “ Vibrations of a columnar vortex,” in which 

the treatment is mathematical.—( Phil. Mag., V,x,97, August, 1880.) Tol- 

ver Preston has discussed the physical aspects of the vortex atom theory, 

with a view to reconcile the proved indestructibility of the atom with its 

capacity for executing vibrations. He illustrates the motion of the material 

forming tle vortex atom by supposing a cylinder of India rubber to be 

rotated about its longitudinal axis, and then, while still rotating, to be 
bent into the form of aring and the ends joined. Such a portion of 

moving matter, mathematics has proved to have all the qualities of a 

solid. It is elastic, and is competent to execute vibrations of definite 

periods. Moreover, it is incapable of being divided or severed by the 

collisions of other similar atoms. In short,such vortex atoms are elastic, 

indestructible bodies, capable of rebounding from each other without 
loss of energy, and of executing vibrations of fixed periods.—( Nature, xxii, 

56, 1880). 

Riihlmann, from considerations founded on Avogadro’s law, has given 
some calculations on the dimensions of molecules. The radius of the 

sphere of action for the nitrogen molecule he gives as 34x 10° centi- 

meter; for the carbon dioxide molecule, 16x 10—° centimeter; and for 

the hydrogen molecule, 41x10-° centimeter. Since one cubic centi- 
meter at 0° and 760™™ pressure contains nearly 100 trillions of molecules, 

it follows that the molecules themselves fill only about the three-thou- 

sandth part of the entire volume which the gas occupies. The author 

gives 15 x10—* gram as the absolute weight of a hydrogen molecule, and 

360 as the specific weight.—(Beibl. Ann. Phys. Chem., No. 2, 57, 1879.) 

Hodges has also given a computation of the size of molecules, based on 

the work required to convert water into steam, this conversion being 
considered as a breaking up of the water into a large number of small 
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parts, proportionally increasing the total surface. Supposing the mole- 
cules to be spherical, he gets for their radius 0.000000005™, or 5 to 6 

(million)? for the number in one cubic centimeter; agreeing with the 

results of Thomson and Maxwell.—(Am. J. Sci., II, xviii, 135, August, 
1879.) Ina subsequent paper, the same author gives a calculation of 

the mean free path of the molecules in the vapor of water lying close to 

the liquid surface, which he finds to be 0.0000024™™.—(Am. J. Sci., III, 
xix, 222, March, 1880.) 

MECHANICS. 

1. Of Solids. 

The motions of finely divided solid particles when immersed in liquids, 

commonly called the Brownian movement, and those of dust-particles 
in air, have both been attributed to the same cause, the shock of colliding 

molecules. Niégeli has calculated from the data of the kinetic theory 

what the velocity of the smallest fungus-particle observable with the 

microscope should be, supposing an oxygen or nitrogen particle to come 

in collision with it. Since such a particle is 300 million times heavier 

than the molecule, the velocity would not be greater than that of the 
hour hand of a watch. For ordinary motes, the motion would be 50 mil- 

lion times slower. The same results essentially were obtained for liquids; 

whence the author thinks the Brownian movements are phenomena con- 

nected with the surface tension of the liquid.—( Ber. Ak. Miinchen, 1879, 
389.) ; 
Buchanan has communicated to the Royal Society of Edinburgh a pa- 

per on the compressibility of glass, using a rod of this material placed 

in a receiver of steel with glass ends connected with a hydraulic pump. 

The compression is read by means of micrometer microscopes, and the 

pressure is determined by a manometer consisting of a mercurial ther- 

mometer with a stout bulb, previously calibrated in a piezometer, the 

bulb being immersed in the water under pressure, while the stem pro- 

jects outside. The glass used was a flint glass, and the compression 

was observed up to 40 atmospheres. The cubical compression observed 

was, for each atmosphere, 2.92 parts in a million. Incidentally the 

compressibility of water at 29.5 C. was found to be 0.05160 volume per 

thousand per atmosphere; and its diminution with rise of temperature 

was confirmed, being 0.04831 at 129.5 C.—( Nature, xxii, 377, 1880.) Barus 

has studied the influence of hardness upon the thermo-electric proper- 

ties and the specific resistance of steel. The steel used was in the form 

of wire and was hardened by heating it by an electric current, in a glass 

tube through which a stream of carbon dioxide gas was passed and 

then suddenly admitting water. The resistance and the electromotive 

force vary with the hardness, so that if the electromotive force be taken 

as a measure of the hardness and the magnetic constant of the steel, 

the resistance is a linear function of it—(Phil. Mag., V, viii, 341, No- 

vember, 1879.) Marangoni, with reference to Bottomley’s experiment 
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of passing a wire through ice without cutting it in two, divides plastic 

substances into two classes. Those belonging to the first class, can, like 

ice, be cut in two with a metallic wire, and can be considerably deformed. 
To this class belong plastic clay, fresh soap, camphor, black pitch. Sub- 

stances classed in the second group give two lamelle on the two sides 

of the cutting wire, which then come out of the slit, become notched and 
bend over, resembling leaves. Examples of this class are found in veg- 

etable Japanese wax,dry Marseilles soap, tallow, and stearin, and 

especially yellow wax and paraffin. The success of the experiment de- 

pends on the size of the wire and on the temperature. For yellow wax, 

the wire should be from 4 to 1™™. diameter; for paraffin 4 to 0.9. The 

leaves with the former are produced between —8° and 40°, with the lat- 
ter (melting at 439.5) only up to 15°. The author calls attention to the 

similarity between these lamellz and those separated from a rail when 

a locomotive goes down a steep incline rapidly and with a powerful 

brake applied.—(Nature, xxi, 21, 1879.) 

Herschel has published a paper on the use of the seconds pendulum 

for determinin g the figure of the earth, in which he comes to the conelu- 

sion that the experiments made hitherto are of little use, since the prob- 
lem to be solved was so imperfectly grasped. The use of the absolute 

pendulum contemplated two distinct objects which had no essential con- 

nection, the force of gravity and the figure of the earth; while the use 
of the differential pendulum contemplated only one. The rate of the 

seconds pendulum varies along the actual equator, and the value of grav- 

ity at the equator is therefore only an idea—(Nature, xxi, 599, 1880.) 
C. 8. Peirce has given the results of his pendulum experiments made 

under the direction of the Coast Survey. The values obtained were: 

At Hoboken, 0.9932052™ ; at Paris, 0.9939337 ; at Berlin, 0.9942399 ; at 
Kew 0.9941776. Reduced to the sea-level these numbers become 0.993- 

2074, 0.9939500,,0.9942482, and 0.9941790. Reduced to the equator, they 
are: 0.9910003, 0.9910132, 0.9909865, and 0.9910083. These values, the 

author thinks, will have to be diminished by about 20 microns on ac- 

count of the error of the standard of length employed.—(Am. J. Sei., 
III ,xx, 327, October, 1880.) Mendenhall has made a series of experi- 

ments to determine the force of gravity at Tokio, Japan. In the earlier 

part of the investigation a Kater pendulum was used; in the latter, one 
of Borda’s construction. The beats were recorded upon a chronograph 

at the same time with those of a break-circuit clock, the length of one 
second upon the sheet being about 8™™, so that it could easily be 
subdivided. Since it was only the fractional part of a second by which 

the two pendulums differed, that was to be determined, the standard 
pendulum was only required to break the circuit twice, once at the be- 

ginning and again at the end of the experiment. As a mean of six ex- 

periments with the Kater pendulum the value of ‘g” was found to be 
9.7974; the mean of eleven experiments with the Borda pendulum gave — 

9.7984.—(Am. J. Sei., III, xx, 124, August, 1880.) 
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Deprez has contrived a new velocity-rezulator for electric motors. It 

consists essentially of an elastic spring, fastened at one of its extremi- 

ties to the rotating axis and parallel to it. To the other end is attached 

a small mass of brass traversed by a screw by which its distance from 

the axis may be adjusted, and the tension of the spring at the same time 

increased. The current which drives the motor passes through this 

spring. If now the rotation is so rapid that the free end of the spring 

is thrown away from the axis by the centrifugal force, the contact is 
broken and the current is interrupted; the speed of the motor is dimin- 

ished, contact is renewed, and so on, the velocity being exactly regu- 

lated by the adjusting screw.—(J. Phys., viii, 10, January, 1870.) Fon- 

vielle has devised a form of gyroscope whose rotation is produced by 

magneto-electric currents. <A flat coil of wire, like that used in galvan- 

ometers, has an intermittent current sent into it from an induction coil. 
When a star-shaped piece of iron, mounted on a pivot so as to rotate 

like a compass-needle, is placed in the center of the coil, it begins to re- 

volve whenever a horse-shoe magnet is placed above it vertically, or 

when a bar magnet is placed in certain directions with reference to it. 

Reversing the direction of the current reverses the direction of the rota- 

tion.—( Nature, xxi, 593, April, 1880.) 

2. Of Liquids. 

Rudorff has deseribed a special form of volumenometer used by him 

for the determination of the specific gravity of powders. The new ap- 

paratus is composed entirely of glass, and consists of a cylindrical reser- 

voir of 25°° capacity, from the lower part of which a tube passes, this tube 

being enlarged just below the reservoir, and having a cock at its lower 

end. The reservoir is closed at top by a ground stopper furnished with 

a stopcock, and to it laterally is attached a long U-shaped manometer 

tube. Mercury is poured into the reservoir until the tube is filled to 

the mark on the neck. The upper cock is closed and the mercury drawn 

out into a tared vessel till the difference of level between the two mer- 

eury surfaces in the manometer is a certain quantity h. After the mer- 

eury is weighed it is poured back into the tube, the substance whose 

specific gravity is to be determined is introduced into the reservoir and 

the above operations are repeated. Simple calculation gives the value 

required.—(Ann. Phys. Chem., LU, vi, 288, 1879.) Buignet has improved 
the Nicholson areometer by making the stem longer and larger, marking 
zero at the point to which it sinks in water when empty, and n at the 

point to which it sinks when loaded with n grams. To use it, the in- 
strument is placed in water and sinks to zero. The mineral whose grav- 

ity is desired is placed on the upper pan; the stem is immersed to a 
point P. Placed in the lower pan, it sinks the stem to a point, P’.. Then 

ey. 2: . : ai : 
p—p’ is the density of the specimen. The sensitiveness of the instru- 

ment depends on the size of the stem. Its use is rapid and accurate.— 

(J. Phys., ix, 93, March, 1880.) 
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Spring has continued his investigations on the welding of solid bodies 

by pressure, and has now subjected more than eighty pulverized solids 

to pressures in vacuo up to 10,000 atmospheres, varying at the same 

time the temperature. All the crystalline bodies proved capable of 

welding, and in the case of amorphous bodies, crystalline structure had 

been developed in the block by the pressure. He classifies amorphous 

bodies into two groups, one like wax and called ciroid, which weld easily, 

the other like amorphous carbon, which do not weld, and hence called 
aciroid. The facts observed do not essentially differ from those observed 

when two drops of a liquid meet and unite. Hardness is a relative, 

even a subjective, term. Even water may appear hard to certain insects, _ 

and if our bodies were sufficiently heavy, the pavement would not bear 

us. The change of prismatic to octohedral sulphur, of amorphous to — 

metallic phosphorus, by compression, the change of state of amorphous 

bodies, the chemical action produced when the product has a less volume 

than the constituents, all result in a denser form of matter. Whence the 
conclusion that the particular state taken by matter is in relation to the 

volume it is obliged to occupy under the action of external forces. «The 

geological bearing of these facts is very evident.—(Nature, xxii, 350, 
1880.) 

Ridout shows the surface tension of mereury by supporting a shallow 

tray, 6 by 3 inches, on leveling screws, so inclined that the mercury is _ 

on the point of overflowing. If now the flow of the mercury be started, _ 

it will draw the rest of the liquid after it. The mercury must be very 

pure or it will leave a trail.—(Nature, xxii, 157, 1880.) 

Lechat has studied the forms produced when liquids are caused to — 

vibrate in vessels of rectangular section, and has compared the results — 

obtained with those required by theory. The vessels employed were — 

made of wood or glass, with walls a centimeter thick. The liquid was _ 

vibrated by a bar of steel placed before an electro-magnet, which bar — 
automatically interrupted the current. To one end of a transverse rod — 

a stem was attached which could be adjusted to any point of the sur- — 

face. The nodal lines were very distinct, and the phenomena were very 

striking, especially when projected on the screen.—(J. Phys., ix, 183, 

June, 1880.) 

Sir William Thomson read a paper to the British Association on a sep- 
* tum permeable to water but not to air, and suggested its application to a 

gauge for measuring depths. A small quantity of water in a capillary 

tube, with both ends in air, acts like a perfectly air-tight plug against 

difference of pressure at its two ends equal to the hydrostatic pressure 

corresponding to the height at which water stands in the same capillary 

tube when it is held upright with one end under water and the other in 

air. In the meeting, he used an Argand-lamp chimney which had a 

finely-woven piece of cotton cloth tied over it. When dry, the water rose — 

easily when the uncovered end was immersed, as well as when the covy- 
ered one was. But after wetting the cloth, it seemed perfectly air-tight 
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even under 9 inches water-pressure. The depth-gauge is made by tying 

a piece of cloth over the mouth of the larger leg of a U-tube, the end of 

the smaller being closed by a stopper. On sinking it the air is com- 

pressed, and water enters through the cloth into the smaller leg. On 

-Taising it the air expands and forces the water out through the cloth to 

the last drop. The depth can be determined from the water left in the 

smaller leg of the instrument.—( Nature, xxii, 548, 1880.) 
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3. Of Gases. 

| Hannay and Hogarth have communicated to the Royal Society a re- 

| markable paper on the solubility of solids in gases, the research being 
the starting point of the experiments which have since enabled the 

former to produce crystallized carbon. They desired to investigate the 

solvent power of liquids at temperatures at or above their critical points. 

For if at the critical point there really occurs a transition from the liquid 

to the gaseous state, and if the property of dissolving solids is one pos- 

sessed by liquids alone, there ought to be precipitation of the dissolved 

solid matter as the substance passes through the critical point. Absence 

of such precipitation would furnish a strong independent proof of the 

perfect continuity of the liquid and gaseous states. As a preliminary 

test, a solution of potassium iodide in alcohol was prepared and a strong 

| tube one-half filled with it. No precipitation of any solid was observable 

| even at 350° ©., more than 100° above the critical point of alcohol. 

Resin dissolved in paraffin spirit showed no decomposition at 360°. 

With an improved and simplified apparatus, it was shown that a clean 

_erystal of potassium iodide dissolved entirely in alcohol gas (the term 

“gas” referring to the fluid above its critical point). Potassium bromide 

and calcium chloride were also soluble in this gas. Cobaltous chloride 

remained soluble at 320° and showed its blue color and characteristic 

‘spectrum. Even the acid decomposition-product of chlorophyll, which 

decomposes in the air below 200°, gives, when dissolved in alcohol, iden- 

tieal spectra at 350° and at 15° C. Some curious reactions were ob- 

served. Thus alcohol or ether deposits ferric chloride just below the 

eritical point, but redissolves it in the gas when raised 8° or 10° above 

‘that point. By suddenly reducing the pressure, the solid is precipitated 

crystalline, falling as a snow. It is redissolved in the gas as the press- 
(sure increases.—(Proc. Roy. Soc., xxx, 178; Nature, xxi, 82, 499, 1830.) 

Bottomley has described a neat experiment by Quincke, first sug- 

gested by some experiments to test the porosity of glass. A glass tube, 

5 inches long and three-fourths inch external diameter, with stout walls, 

was closed at one end and constricted a little more than half way up. 

Into the lower closed portion some sulphuric acid was poured, and above 

the constriction some fragments of marble were placed. The tube was 

then drawn off at top, thickened, and carefully annealed. On inverting 

it the acid attacked the marble, and carbon dioxide was evolved. For 

the first few days nothing peculiar was noticeable; but soon the liquid 

S. Mis. 31——16 

| 
| 
| 

, 



-— a 

began to creep away from the glass, scarcely wetting it, and no doubt 

was entertained that soon the phenomenon seen in Quincke’s tubes would 

appear, and the acid would roll about in the tube like mereury. The 

explanation is that these peculiar capillary phenomena are due to a thick 

layer of gas that is condensed over the surface of the glass.—(Nature, 
xx, 291,,1830:) 

De la Rue and Miiller, reasoning from their electric researches on the 
spark in rarefied air, believe themselves entitled to conclude on the 

probable height of Our atmosphere. The least resistance to an electrie¢ 

discharge in hydrogen is obtained at a pressure of 0.642™™, or 845 M 

(M signifying millionths of an atmosphere). When it reaches .002™™, or 

3M, thedischarge only just passes with a potential of 11,000 silver chloride 

eells (11,330 volts). At the highest exhaustion, 0.000055™™, or 0.066 M, 

no discharge took place with the 11,000 cells, but even a 1-inch spark 

failed to pass. Since a discharge at atmospheric pressure which occurs 

in hydrogen at 0.22 inch takes place in air only at 0.13 inch, the authors | 

eonclude that the least resistance for air is at 0.379™™, or 498.6 M. This. 

pressure would be reached at a height of 37.67 miles above the sea. | 

Hence here the auroral discharge would have its maximum brillianey, 
and would be visible 585 miles. The best vacuum produced, 0.066 M, | 

corresponds to a height of 81.47 miles. At this height the discharge, 

would be considerably less brilliant. At a height of 124.15 miles the; 

pressure would be only .00000001™™, or 0.00001 M, and at such a height) 
itis not conceivable that a discharge would occur with any probable} 

potential. At a pressure of 62™™ the discharge has the weil-known ear-) 

mine tint of the aurora, This corresponds to an altitude of 12.4 miles. 

At a pressure of 1.5™™ it becomes salmon-tint, and at 0.8™™ much paler, 

Above this exhaustion it becomes a pale milky white.—(Nature, xxi, 33, 
1880.) 

Debrun has suggested an improved barometer, which he calls an) 

amplifying barometer. It resembles the Fortin instrument in general) 

but the point marking the zero is at the top of the tube. The cistern 

has a second tube in its top, open to the air, and into which the mercury 

rises, So that the reading is the difference of the levels of the mereury! 

surfaces in the two tubes. A third and narrower tube, also open at top) 

passes through the top of the cistern. This cistern is larger than ordi 

nary, and contains water above the mercury, into which this tube dips 

and which rises into it, the level being read by means of a graduate 

scale. Any variation of the height of the mercury is multiplied in th: 

water-column in the ratio of the section of the cistern to that of th 

water-tube. Hence the sensibility of such a barometer is equal to tha) 
of the water-barometer.—(J. Phys., ix, 387, November, 1880.) | 

Jordan has constructed and erected in the Kew Observatory a barom 

eter in which the liquid employed is glycerin colored with aniline-rec 

As manufactured by Price & Co, the glycérin has a specific gravity € 

1.26. Hence the mean height of the column is 27 feet, and a variatio) 
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of one-tenth of an inch of the mereurial column is more than an inch on 

the glycerin scale. Moreover, the high boiling point of glycerin, 440° 

F., its very low vapor tension, and its low freezing point are all in its 

favor. The cistern in the Kew instrument is a cylindrical vessel of tinned 

copper, 10 inches diameter and 5 deep, with a screw cover, the air having 

aecess through a small hole in the cap of this, and passing through a 

layer of cotton wool to keep out the dust. The tube is of composition- 

metal gas-pipe 2 inch diameter, which is soldered to a similar piece of 

pipe which enters the cistern through its bottom and is closed by a 

screw plug. To the top of the main tube, a glass tube 4 feet long and 

1 inch inside diameter is cemented. It terminates in a cup and is closed 

with an India-rubber stopper. The fluctuations are read off by means 

of two verniers, one of which gives inches and tenths and the other the 
equivalent value of the mercurial column. Daily observations are being 
made upon it with a view to determine its accuracy.—(Nature, xxi, 377, 

1880.) 
Terquem has proposed a modified form of air pump plate, which dis- 

penses with the costly grinding necessary in the present form. The plate 

is of brass, circular in form and about a millimeter in thickness, having 

a circular cavity in it two centimeters deep and one wide, placed a few 

centimeters from the edge, the mean diameter of this depression being 

that of the bell to be used with it. When the plate is to be used it is 

heated and the cavity filled witha cement melting at about 609 C. That 

used by the author is furnished by F. Carré with his ice-pump, and con- 

sists of a mixture of resin, wax, and tallow. When melted the bell is 

placed in position and the heat continued until the glass has also be- 

come hot. The whole is then allowed to cool. The cheapness of these 

plates allows the use of several of them for the various air-pump experi- 

ments.—(J. Phys., ix, 346, October, 1880.) Rood has described an im- 

provement in the form of the Sprengel pump, by which vacua as high 

QS soodsoos OF rosndo0s are readily obtained. First, the mercury 

passes through an éxhausted bulb to free it from air and moisture, then 

through a nearly horizontal tube to the fall-tube. Secondly this fall 

tube is bent four times at a little more than aright angle, forming a 

lateral loop or valve, preventing the air that has passed out of the fall- 

tube from returning into it. The pump is free from stopcocks and grease, 

and its action is very rapid, two or three hours sufficing to reduce the 

vacuum from 50 M to 0.01 M, the capacity being 100°°. Even in the 

absence of all drying materials a vacuum as high as 0.033 M has been 

obtained.—(Am. J. Sci., II, xx, 57, July, 1880.) 

Bertin, in an interesting article on the modern methods for producing 

high vacua, describes the McLeod gauge, that necessary adjunct to the 

Sprengel pump. It depends on the principle that if the volume of a 

rarefied gas be reduced x times, the pressure becomes measurable, and 

the original pressure is equal to the measured pressure divided byn. It 

consists of a bulb of glass surmounted by a thick tube 10 to 16% long 
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and 2 or 3™™ in diameter, closed at top and carefully calibrated. Below, 

the bulb connects with a straight tube 80° long, a lateral tube opening 

jnto it just below the bulb and leading upward to the pump. The eéa- 

pacity of the bulb above the lateral opening is ascertained by weighing 

the mercury which fills it. Thus the ratio of the volumes of the bulb 

- and of the small tube above it is known. The long tube is connected 

at its lower end with a reservoir of mereury by means of a rubber tube, 

so that when thisis raised the gauge may be filled with mercury. After 

the vacuum has been made in the pump, of which the gauge forms.a 

part, the reservoir is lifted and the mercury rises in the long tube until 

it passes the mouth of the lateral tube and seals off the air in the bulb, 

As the mercury fills the bulb, the air collects in the small tube, and the 
pressure under which it exists is the difference of level of the mercury 

in this tube and the side tube. Knowing the volumes and the final press- 

ure the initial pressure is given by Marriotte’s law. Mr. Crookes regards 

it reliable to the millionth of an atmosphere, 0.000760™™. Warren de la 

“Rue limits its indications at 0.00005™".—(Ann. Chim. Phys., V, xix, 231, 

February, 1880.) 

Amagat has studied elaborately the variation of gaseous bodies from 

the law of Marriotte at high pressures, exact measurements being made 

of the changes in volume when the gas sustained a mercury column 

over one-fifth of a mile high. The shaft of the Verpilleux coal mine, 

near St. Etienne, 327™ in depth, was chosen, the experiments here being 

confined to nitrogen gas. A powerful and specially constructed pump 

forced mercury at the same time up the manometer tube and into the — 

tube containing the gas. Since both were carefully calibrated, the meas- — 

urement in the former gave the pressure and in the latter the volume, — 

In nitrogen the compressibility increases s!owly and reaches a maximum 

at about 65 atmospheres. Then it decreases equally slowly, reaching a 

normal figure at about 91 atmospheres. Finally it decreases rapidly, 

till at 430 atmospheres the volume is five-fourths of that required by 

Marriotte’s law. This law of nitrogen being ascertained, the manometer 

tube was replaced by a nitrogen tube and the other gases compared 

with that. Air, oxygen, hydrogen, carbonous oxide, ethylene, and marsh | 

gas were examined up to 400 atmospheres. The results are given graphi- — 

cally, the abscissas representing pressures and the ordinates the differ- ° 

ences between the product of the volumes by the pressures and unity, © 

i. e., to the deviations from Marriotte’s law. Hydrogen enly does not | 

exhibit a minimum of volume and pressure product.—(Ann. Chim. Phys., . 

V, xix, 345, March, 1880.) Cailletet has also studied the law of the com- | 

pression of nitrogen. He used a steel laboratory tube, within which 
was a piezometer tube containing the gas. To the laboratory tube was | 

attached a tube of soft steel 250™ long, rolled upon a wooden cylinder » 

2m in diameter. The laboratory tube was supported by a steel wire 4™™ ' 

diameter, carefully graduated. The gas tube being put in place, the » 

apparatus was filled with mercury and lowered by a windlass into an arte- 

ap pe tt, Sle 



" 

| 
| 
| 
| 

t 

| 

tt 

i i 

; 

PHYSICS. 245 

sian well. The pressure was read off on the graduated suspending wire. 

To determine the volume, the inside of the piezometer tube was gilded, 

and the height to which the mercury rose in it was shown by the removal 

of the gold. .The measurements were carried on with nitrogen to 182 

atmospheres. Cailletet has also studied the effect of pressure on gaseous 

mixtures, and has described a method by which a pressure of 1,500 at- ° 
mospheres may be measured to within one-half of 1 per cent. of its true 
value.—(J. Phys., viii, 267; ix, 192; Ann. Chim. Phys., V, xix, 386, 

March, 1880.) 
ACOUSTICS. 

Carmichael has devised a revolving jet to be used with Koenig’s mano- 

metric capsule for the purpose of showing sonorous vibrations in class 

instruction. A tube bent at right angles and tipped with a jet is sur- 

rounded at its extremity by a second concentric tube also bent at right 

angles, but in the opposite direction, so that the two bent parts are in 

the same line and form an axis about which the jet revolves. A mica 

eylinder incloses the flame, which is that of ordinary gas, enriched, if 

necessary, with benzene and fed with oxygen. The gas tube is in com- 

munication with a Koenig capsule, so that the flame is thrown into vi- 

bration by means of it. On rotating the jet by a multiplying wheel 

a brilliant ring of light appears, which is broken up into saw-teeth by 

sounds.—(Am. J. Sci., II, xix, 312, April, 1880.) 
Schwedoff has described a simple apparatus for studying the vibra- 

tions of cords, which consists in an electric vibrator like that in use for 

bells. The cord is attached to the armature at one end, the other being 

fastened to a movable clamp which slides along the top of a blackened 

board divided into a number of equal divisions. To the clamp the cord 

is attached by a screw, by which its tension may be regulated at pleas- 

ure.—(J. Phys., viii, 23, January, 1879.) 
Mereadier has exh:bited in Paris a vibration micrometer for accurately 

determining the vibration-amplitude of tuning-forks and other vibrating 

bodies. A small piece of thin white paper bearing a fine black line is 

fastened to the body whose vibrations are to be measured. If this line 
is upright it will present, when caused to vibrate, the appearance of a 

pale gray parallelogram, the persistence of the visual impression being 

perfectly definite for the extreme positions of the vibration. To ascer- 

tain the amplitude of the vibration, all that is necessary is to measure 

the apparent width of this minute parallelogram in a direction at right 

angles to the axis of symmetry of the oscillation. To increase the pre- 

cision, the reference line is set, not perpendicular to the direction of the 

movement, but inclined to it at a small angle. A fine scale of lines is 
made upon the paper parallel to the direction of the movement and a 

millimeter distant. The width of the parallelogram is thus read off 

along a straight line, which makes a small angle with its sides, thus 
giving the quotient of the amplitude sought by the tangent of a small 
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angle. With this apparatus the author has studied the motions of a 
tuning-fork vibrating electrically.—( Nature, xxi, 189, 1879.) 

Koenig hus studied the influence of temperature on the vibrations of 

a normal tuning-fork. He finds that up to 50° or 60° the influence of 

heat upon a fork may be regarded as practically constant. Thick tun- 

‘ing-forks are more affected by heat than thin ones of the same pitch, 

showing that it is change in the elasticity rather than change in the 

length of the arms which is the primary cause of the change of pitch. 

On forks of different pitch and of not very different thickness, the effect 

of heat is proportional to the number of vibrations. Generally the 

period of vibration of a fork is increased or diminished ;,4; by a dif 

ference of temperature of 19°C. The general change in pitch of the 

normal fork Ut; = 512 vibrations per second at 20°, through the varia- 

tion of 1° C. in the temperature, is 0.0572 vibration per second. He has 

constructed a fork which will give 512 vibrations at any temperature.— 

(Nature, xxii, 90, 1880.) 

Kayser has also investigated the influence of temperature upon the 

pitch of tuning-forks. He used a method founded on the observation 

of the alteration of the difference of phase between two forks as the 

temperature varied, the forks being furnished with mirrors and the 

Lissajous curves observed with a telescope. He finds, (1) that the 

vibration number of a tuning-fork between 0° and 30° is a linear fune- 

tion of the temperature; (2) that the influence of temperature 1s greater 

the higher the tone of the fork, and with forks similarly arranged the 

variation of the vibration number is about proportional to the square 

root of that number; (3) that with moderate variations of temperature, 
such as occur in a room, the temperature affects the vibration number 

in the second place of decimals; and (4) that the coefficient of elasticity 
increases between 0° and 30° with the temperature.—(Ann. Phys. Chem., 

II, viii, 444, 1879; Nature, xxi, 243, 1880.) 

Ellis has communicated to the Society of Arts an important paper 

upon the ** History of Musical Pitch.” This he defines to be the piteh 

of the tuning-note, or that by which all other notes on an instrument 

with fixed tones are regulated according to some system of tuning 1 

temperament. It is convenient to consider A as the tuning-note in all 

cases, though pianos and organs are usually tuned on C. In equal tem- 

perament A 444 corresponds to C 528 vibrations. In mean-tone tem- 

perament A 418 corresponds to C 500; whereas fora perfect minor third 
between A and C, A 440 corresponds to C 528. Before 1711, the organ: 

pipe was the only means of handing down pitch. Subsequently both 

this and the tuning-fork were thus used. Both, however, alter with 
temperature; the former by one vibration in a thousand for each 1° F., 

sharpening by heat and flattening by cold. Hence all organ pitches 

must be reduced to a standard temperature, 59° F. or 15° C. being 
recommended. The fork alters by one vibration in 21,000 for each 19 F.; 

flattening by heat and sharpening by cold. The various pitches of 

, 
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the different forks were tested by means of Scheiblet’s tonometer, the 

beats with the standard fork being carefully counted. Great variations 

were observed, the lowest pitch for A being 374 vibrations at L’Hospice 
Comtesse, Lille, and the highest 567 vibrations, the usual church 

pitch in North Germany in 1619, called chamber pitch by Praetorious.— 

(Wature, xxi, 550, 1880.) 

Kayser, under Helmholtz’s direction, has made a series of experiments 

to test the question whether the intensity of a sound has any influence 

upon its velocity of propagation. He used a tube giving a continuous 

note, each vibrating section of which passes through the same phase 

after each semi-vibration. Hence two sections passing a determinate 

phase at the same instant are distant from each other by a multiple of 

half a wave length. To render visible the vibration of a gaseous section 

of the tube, a small tongue was cut in a very thin plate of mica, which 

was cemented by one of its extremities to a copper ring sliding within 

the tube. This mica plate reproduced the phases of air vibration at the 

point where it was placed. <A sliding wire controlled the length of the 

tongue so as to bring it into unison with the sound of the tube. View- 

ing a luminous point on the tongue through a vibration microscope, a 

Lissajous figure is formed by a combination of the two rectangular 

Vibrations. Very minute changes of phase in the tongue produce marked 

changes in the figure. By displacing the mica along the tube until a 

given figure is reproduced, the distance moved is obviously half a wave 

length. If the mica tongue be fixed at the open extremity of the tube, 

and a movable piston be made to close the other one, the same figure is 

observed on the lamina whenever the piston is displaced by half a wave 

length. A constant sound was obtained in the tube by means of an 

electrically vibrated fork in front of a resonator. By varying the 

amplitude of oscillation, the intensity of the sound could be varied. 
On comparison with a divided scale, the amplitude of the mica vibra- 

tions was found to be proportional to the oscillations of the air column. 

As a result, the author does not find any difference in the velocity of a 

sound when its intensity is made to vary. Regnault’s results, being ob- 

tained with waves of explosion very different in their character, do not 

hold good for musical sounds.—(Ann. Phys. Chem., 11, vi, 465, 1879.) 

Jacques has experimented to ascertain the velocity of propagation of 

very loud sounds produced by the firing of a six-pound brass field-piece 

at the Watertown Arsenal, Massachusetts. A series of membranes was 

erected at distances varying from 10 to 110 feet from the mouth of the 

cannon, and in the rear of it. Each membrane consisted of a hoop 9 

inches in diameter, over which a sheet of thin rubber was stretched. At 
the center, on the side toward the cannon, a small brass shelf was 
fastened, on which rested one end of a delicate steel spring, the other 

end being held by a separate support. These metallic parts formed 

portions of a continuous metallic circuit, including all the screens, and. 

terminating in the primary coil of an inductorium. The Schultz chrono- 
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graph consisted of a revolving cylinder of silver covered with lampblack, 

connected with one terminal of the secondary coil. The other terminal 

was a fine wire brought very near the surface of the cylinder. When by 

the motion of the membranes the primary circuit was broken, a spark 

passed to the cylinder and made a fine dot in the lampblack. By refer- 

ence to a sinuous curve of times traced simultaneously on the cylinder 

by an electrically vibrated fork, the time could be measured to .J0001* 

second. When the air was quiet the gun was fired and the arrival of 

the pulse at each successive membrane was recorded. By measuring 

the distances the velocities are readily calculated. It was found that 

immediately in the rear of the cannon the velocity was less than at a 

distance, but that going farther and farther away from the cannon the 
velocity of sound rose to a maximum considerably above the ordinary 

velocity and then fell gradually to about the velocity usually received. 

Hence the author concludes: 1st, that the velocity of sound is a function 

of its intensity; and 2d, that experiments upon the velocity of sound in 

which a cannon is used contain an error probably due to the bodily 

motion of the air near the cannon. For a correct determination of the 

velocity of sound, therefore, he thinks that a musical sound of low in- 

* 

tensity must be used.—(Am. J. Sci., I, xvii, 116, February, 1879.) — 
Ihlseng under the direction of Rood has measured the velocity of 

sound in various kinds of wood. In his first experiments he used the 

method of Kundt, vibrating a rod of the given wood, 1 to 2 meters long, — 

longitudinally, while one end of it, armed with a cork, entered the end 

of a glass tube a meter in length, and containing a fine powder. To the 

other end of the tube a piston was fitted so as to make the length used 

a multiple of the half wave length in air. In this way rods of cedar, 

white-wood, yellow and white pine, hickory, white ash, holly, mahogany, 

black walnut, cherry, and white oak were experimented with. In a see- 

ond series of experiments a method was adopted by which the rod reg- 

istered its own vibrations on a smoked-glass plate drawn rapidly across 

the vibrating end of the rod ina horizontal direction by means of a 

ce ee ee ay a ae 

weight; while at the same time a tuning-fork registered the time. The 

conclusions given are: Ist, it is possible to measure the velocity of sound 

in rods with considerable accuracy by the graphic method ; 2d, Kundt’s — 

method gives results which are slightly higher than those by the graphie 

method; and 3d, the graphic method demonstrates the existence of 

transverse along with longitudinal vibration and gives their ratios.— 

(Am. J. Sci., IT, xvii, 125, February, 1879.) 
Kohlrausch has given a method of studying the condition of the air 

in a vibrating column, and of repeating the experiments of Savart and 

Seebeck upon the position of the fixed nodes and loops produced by the 

combination of the direct and the reflected sonorous waves. For this 

purpose a caoutchoue membrane, stretched upon the extremity of an 

open tube, is lowered into the organ-pipe which is sounding, by means _ 

of a string passing through the cork closing the pipe. In this case the 
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membrane is in contact on both sides with the air in the pipe, and it 

vibrates at the loops and ceases at the nodes. But if the second end 

of the tube carrying the membrane be closed with a cork, the membrane 

is now in contact only on one side with the air in the pipe, and it vibrates 

strongly at the nodes and ceases to vibrate at the loops. Seebeck ex- 

plained this by showing that one of the waves was obliged to go round 

the tube to reach the membrane, and thus its velocity changed sign. 

Bichat, in noticing this paper, gives the method he has used for show- 

ing this result in class instruction. He uses the ordinary closed organ- 

pipe with a glass side, made by Koenig. On urging the blast a sound 

is obtained having a node at about one-third of its length from the 

mouth and a loop at one-third from the closed end. A membrane of 

* gold-beater’s skin, attached to a rigid ring, is first passed through the 

tube to show in the usual way that the sand placed upon it is disturbed 

at the loops and not at the nodes. Then a small manometric capsule is 

used in place of the membrane, having two small glass tubes passing 

from its top through the cover of the pipe. Through one of these coal 

gas enters, and at the outer end of the other it is burned. On examin- 

ing this flame in a revolving mirror it will be seen to be in vibration 

when the capsule is at the node, and at rest when at a loop.—(Ann. Phys. 

Chem., U1, viii, 384; J. Phys., ix, 102, 1880.) 
Mayer has applied the principle of exploring the wave-surface in air 

from a sounding body, which he devised some years ago, to the construc- 

tion of a simple and efiicient apparatus called a topophone, by which even 

the unpracticed ear may determine accurately the direction of a distant 

sound, even in feggy weather. It consists of a vertical rod passing 

through the roof of the deck-cabin of a vessel, for example, approaching 

the coast, bearing upon its upper end a horizontal bar carrying two adjust- 

able resonators below which is a pointer set at right angles with the bar. . 

Rubber tubes from the resonators pass through the roof of the cabin and 

unite in a single pipe connected with a pair of ear-tubes. The vertical 

rod is turned in any direction by means of a handle. The resonators are 

first accurately tuned to the sound under observation. They are thén 

fixed at a distance from each other somewhat less than the wave-length 

for this sound, and brought by turning the handle simultaneously on the 

wave-surface. As they now receive the sound-wave upon their mouths 

at the same instant in the same phase, the ear will hear the sound re-en- 

forced if the connecting tubes are of the same length, and diminished if 

one is a half wave-length shorter than the other. When this is attained 

the bar is achord in the spherical wave-surface of which the sounding 

body, say a fog-horn, is the center. Hence the pointer which is perpen- 

dicular to this bar points out the bearing of the fog-horn with great 

accuracy. By making a second observation at a known distance and 

direction from the first, a second radius line is obtained, and the distance 

of the fog-horn is computed.—( Nature, xxi, 385, February, 1880.) 

Schellbach and Boehm have proposed a simple experiment for show- 
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ing the refraction of sound-waves. In an inverted bell-jar of glass is 

placed a horizontal disk of smoke-blackened paper. A circular collo- 

dion membrane is arranged above it, inclined 33° to the plane of the 

edge of the bell. If now on the axis of this membrane, and at 13 centi- — 

meters distance, an electric spark be produced, the membrane vibrates — 

and the waves which it produces make a series of concentric circles upon — 

the paper, the center of which is on the axis of the membrane. If the — 

bell be filled with carbon dioxide the center of these circles is displaced — 

in the direction required by refraction and by a quantity corresponding 

to the sonorous refractive index. Hydrogen gas may also be employed. 

—(Ann. Phys. Chem., II, viii, 645, 1879.) 

Rood, in studying the action of a revolving fan introduced into melo- 

deons for the purpose of producing a “ tremolo” effect, ascertained that 

the variations in loudness produced by it were due to reflection or non-— 

reflection from the face of the revolving fan, and that the same effect 

could be obtained from a disk consisting of closed and open sectors and 

revolving in its own plane. With this simple apparatus the following 

points were established: (1) At a perpendicular incidence the short 

sound-waves are more copiously reflected than those that are longer, and 

the regular reflection is more copious from large than from small sur- 

faces. (2) When the sound-waves fall upon small flat surfaces at an 

acute angle, the reflection is most copious in the same direction as with 

light, but the reflected and inflected waves can be traced all around the 

semicircle. (3) Qualitative comparisons between the power of different 
substances to reflect sound can easily be made. (4) If a composite sound- 
wave falls on the rotating disk, the shorter waves will undergo regul 

reflection more copiously than the other components. (5) The reflection 

of sound from very small surfaces is easily demonstrated.—(Am. J. Set., 

III, xix, 133, February, 1880.) 

Eris has devised a simple apparatus to aid the deaf in hearing, 

called the audiphone. It consists of a thin flexible sheet of hard ebon- 

ite rubber, provided with a handle like a palm-leaf fan, and with a cord: 

which can be tightened at pleasure to curve it into fhe form of a semi- 

cylinder. The edge of the sheet is pressed against the upper set of 

teeth, the convex surface being outwards, so that vibrations impinging 

upon the sheet are transmitted through the teeth and bones of the skull — 
to the auditory nerve. Its use, therefore, is limited to cases where the- 
nerve is nearly or quite intact. Colladon has replaced the costly ebon- 

ite by a sheet of fine elastic cardboard, about 18 inches by 10, and var- — 

nished at the edges, which is curved by being pressed against the teeth — 

by the hand. Experiments made with it upon deaf-mutes were highly 

interesting. A professional musician, deaf for fourteen years, was en- 

abled by this audiphone again to hear piano music. Fletcher, in further 

experimenting, prefers birch-wood veneer cut to an oval 12 by 84 inches, 

steamed and bent to a curve. It is held between the teeth. In his ex- 

in which it is tried.—(Nature, xxi, 426, 469, 515, 1880.) a 
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Sedley Taylor has given the name phoneidoscope to an apparatus for 

_ studying the character of sound vibrations by causing them to act on 

a liquid film thin enough to give color, such as a film of glycerie liquid. 

Guebhard has proposed a modification of the method by which he has 

obtained some very curious results. Beautiful interference rings are 

produced by the condensation of the vapor of water upon the freshly 

cleaned surface of a very impure mercury. When, for example, the 

various vowel sounds are emitted above such a mereury surface, with a 

pure tone maintained for some seconds, at a distance so small that the 

_ vapor of water contained in the breath has not time to diffuse, a series 

of figures are obtained which are characteristic. Figures are given of 

the ten principal vowel sounds thus produced. The four nasal vowels 

give more complex figures.—(J. Phys., ix, 242, July, 1880.) 

Barlow has constructed an apparatus for recording the sounds of the 

human voice, which he callsalogograph. It consists of a small trumpet- 

shaped mouthpiece, the larger extremity of which widens to a diameter 

of 7 centimeters. Over this end is fastened a thin caoutchoue mem- 

brane. A light arm of aluminum is fastened at one end to the frame, 

and the other, which presses against the center of the membrane, with 

which it is movable, carries a small brush containing color. A band of 

paper, like that used in the telegraph, passes beneath, so that the point 

of the brush just touches it, and traces a line upon it when the mem- 
brane is at rest, which is a zero line. There is a small lateral opening 

in the mouthpiece for the escape of theair. Various examples are given 

of the results obtained in using the logograph for spoken language.— (J. 

Phys., viii, 78, March, 1879.) 
Dvorak has observed that light resonators of glass or metal are re- 

pelled very decidedly when they are brought near to the resonance box 

of a fork.turned in unison with them. The condition essential to the 
success of the experiment is that the air of the resonance box shall be 

really in vibration. A metallic disk in unison with the resonator may 

also be used as the vibrating body. The repulsion thus produced is so 

strong that when a mill is constructed with four resonators at its ends 

and placed before the resonance box of a large fork, the mill revolves. 
Mayer independently discovered the same phenomenon.—(Phil. Mag., 

We vi, 225, 1879.) 
HEAT. 

1. Thermometry and Change of State. 

Benoit has described a new temperature-regulator based upon the 
principle of the variation of the tension of a saturated vapor with the 

temperature, first employed by Andree. The apparatus consists of a 

small bulb, containing the volatile liquid, placed in the space whose 

temperature is to be maintained constant. The end of the tube on 

which this bulb is blown is connected with a gas-interrupter by means 

of a rubber tube filled with mercury. This interrupter consists of a 
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glass tube over the lower end of which the rubber tube slips, within 

which is a second glass tube conveying the gas, and which continues 

down nearly to the mercury level. The gas enters by this tube, escapes 

at its lower end, passes up between the two, and goes to the burner 

through a lateral tube. Ifthe temperature rises too high the mercury 

column cuts off the supply of gas by the increased tension of the vapor, 

a by-pass preventing complete extinction of the fame. The interrupter 

is attached to a board which slides up and down along a graduated 

scale, by means of which the pressure upon the volatile liquid can be 

made to balance its tension at any temperature. Using methy] alcohol, 

for example, its tension at 10° C is 50™™, at 50° is 382™, at 70° is 857™™, 

at 100° is 2405™™, So that with this liquid constant temperatures be. 

tween these extremes may behad. Tor other temperatures other liquids 

more or less volatile than methyl alcohol can be used in its stead— 

(J. Phys., viii, 346, October, 1879.) 

Edison made use of his tasimeter for measuring the heat of the solar 

corona at the eclipse of July, 1878. In an account subsequently pub- 

lished he gives figures of the instrument and describes the method of 

using it. A carbon button is inclosed in a heavy metallic semi-conical 

box. Upon this button rests a metallic plate holding the lower end of a 

strip of vuleanite, the upper end of which is held by a screw which is 

capable of nice adjustment. When radiant heat is allowed to fall on 

the vuleanite strip, it expands and produces pressure on the carbon, 

thus reducing its resistance and causing an increase in the strength of — 

any current which may be flowing through it at the time. Ordinarily 

the tasimeter is made one side of a Wheatstone bridge. To balance it, 

at Rawlins, a method of “fractional balancing” was devised, which con- 

sisted of a rheostat formed of an iron wire, No. 24, 4 feet long, wound be- 

tween two rows of pins on a board, used as a shunt around the galva-— 

nometer. When the pins of one row were all connected bya piece of cop-— 

per wire, the resistance of the shunt was so low that only a feeble current — 

passed through the galvanometer, and it was easy to balance it by ad- 

justing the tasimeter. The copper wire was then taken off a single pin, ~ 

increasing the resistance of the shunt by 4 ohm, and the spot of 

light, deflected nearly off the scale, was again brought to zero. And so 

on until the whole shunt was removed, and the whole current was used 

on the galvanometer. Its sensitiveness was now adjusted by raising the 

damping magnet until the top of the rod was reached. In this condi- 

tion it easily indicated the heat of Arcturus focused on the vulcanite by 

a 4-inch object-glass. But upon the corona the deflection was so violent 

that the spot of light passed off the scale not to return—(Am. J. Sci., 

III, xvii, 52, January, 1879.) 

tidout proposes to show the expansion of glass, as a class experiment, 

very neatly, by bending a glass tube of small diameter and 18 inches 

long into the form of a horseshoe, so that the free ends approach each 

other within a millimeter. Springing these ends apart and introducing 

s 

® 



oa 

PHYSICS. 253 

a coin, it will be held there owing to the elasticity of the glass. On 

warming now the outer surface of the glass it expands and the coin drops 

out. LeConte, apropos of this, gives an equally striking method for 

showing the same thing, first observed by Orme in 1740. <A straight 

glass tube, 50 or 60°" in length and one or two in diameter, is placed 
transversely before the fire, supported horizontally near its two ends on 

rods of hard wood of about the same diameter, carefully ieveled. It 
will now roll toward the fire. If the supporting rods be transferred in- 

ward so as to support the tube near its middle, the tube will gradually 

roll from the fire. In this case the expansion of the glass by the heat is 
the moving cause, the falling of the side thus made convex producing 

the motion.—(Phil. Mag., June, 1880; Nature, xxii, 157, 318, 1880.) 
Villari has experimented to determine the law of the production of 

heat by the electric spark in gases. He used a glass globe of about a 

liter capacity, having two horizontal and two vertical tubulures. By the 

former, the electrodes entered the globe; the upper vertical one carried 

a stopcock, and the lower a tube plunged in a diluted glycerin, serving 

as a thermometer. Care was taken to protect the globe from loss or 

gain of heat. The results are given in three laws: 1st, the heat devel- 

oped by the electric spark in gases is directly proportional to the quan- 

tity of electricity which produces it; 2d, the quantity of heat developed 

by the electric spark increases in the proportion of its length; 3d, the 

heat and also the galvanometric deviations produced by the discharge 

of a condenser are independent of its surface. The result was not af- 

fected by the direction of the spark.—(J. Phys., ix, 5, January, 1880.) 

Barrett has studied the phenomena presented by the Trevelyan rocker, 

and has come to the conclusion that the theory which ascribes the mo- 

tion to the rapid expansion and contraction of the metals in contact is 

not the correct one. He believes this motion to be due to the action of 

a polarized layer of gas between the hot and cold surfaces, like that ex- 

isting between the hot and cold surfaces of the layer of vapor support- 

ing a drop of liquid in the spheroidal state, termed by Stoney a ‘Crookes 

layer.”—( Nature, xxi, 426, March, 1880.) 

Carnelley, from certain of his experiments, concluded that in order to 

convert a solid into a liquid, the pressure must be above a certain point, 

which he ealls the “critical pressure” of the substance, otherwise no 

amount of heat will melt the substance ; just as in converting a gas into a 

liquid the temperature must be below the critical temperature, or no 

amount of pressure will liquefy the gas. As a deduction from his law, it 

follows that, provided the pressure be below the critical pressure, solid 

ice may be heated to temperatures far above its melting point, passing 

then directly into the gaseous condition without previously liquefying. 

He therefore tried the experiment, and he succeeded in obtaining “solid 

ice at temperatures so high that it was impossible to touch it without 

burning one’s self.” Not only so, but water has been frozen in a glass’ 

vessel which was so hot that it could not be touched by the hand with- 
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out burning it. Ice has been maintained for some time at temperatures 

far above the boiling point of water, and then it sublimed away with- 
out previous melting. The pressure necessary was found to be anything 

below 4.6™™ of mercury, the tension of aqueous vapor at 0° C. In the case 

of mercuric chloride, these phenomena may readily be produced, since 

the critical pressure for this substance is only 420™™. In commenting 

on these results, LeConte has called attention to their agreement with 

well-known facts. Of course it is understood that it is the vessel which 

is hot, not the ice; and that the temperature of the ice must be pre- 
served at 0° by the rapid evaporation of it in the solid state. In this 

sense, the phenomena are comparable to those of Boutigny on the 

spheroidal state, and of Faraday on freezing mercury in a red-hot eru- 

cible. Substances are known which sublime without melting. Such 

bodies have their boiling points below their fusing points. By subjeet- 

ing them to pressure, their boiling points may be raised above their 

fusing points. Thus metallic arsenic, which sublimes without fusing at 

180°, melts under pressure below a red heat. The rapid evaporation 

prevents the body from reaching the fusing temperature. Conversely, 

by diminishing the pressure its boiling point is lowered below that of 

fusion. He gives a noteworthy quotation from Regnault, published in 

1865: “It is evident that a volatile solid body may be always subjected 

to so slight a pressure that it will boil at a temperature inferior to 

that at which it melts. Thus ice at the temperature of —1° C. possesses 

an elastic force represented by 4.27"™; in other words, it boils at a 
temperature of —1° C. under a pressure of 4.27=™. Ice may therefore be 

entirely volatilized by ebullition under this feeble pressure without 

reaching its point of fusion, which is 6° C.”—(Nature, xxii, 434, 603, Sep- 

tember, October, 1880.) 

Thomson has communicated to the British Association a method for 
determining the critical temperature for any liquid and its vapor with- 

out mechanism. The pure liquid is placed in a glass tube about 60% © 

long, about 3 or 4*™ of the upper portion being occupied by the vapor. 

The tube is then hermetically sealed and placed in a vertical position. 
The upper part is then warmed until the surface of separation of liquid 

and vapor sinks below 5 from the top. Then warm the lower part 

containing the liquid till the surface rises again to a convenient position. 

Operate thus, keeping the surface of separation at as nearly as possible ~ 

a constant position of 3°" from the top of the tube until the surface of | 

separation disappears. The temperature of the tube at the place where ~ 

the surface of separation was seen immediately before disappearance is — 

the critical temperature.—( Nature, xxiii, 87, November, 1880.) 
Von Burg has presented a paper to the Vienna Academy on the action” 

of safety-valves on boilers. He shows among other things that the ~ 

authoritative directions given in different countries as to the size of / 

safety-valves are not at all adequate, being based on erroneous concep: 

tions. As to the cause of the small amount of the lifting of the valve 
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during escape of steam (seldom over $™™), a vibratory motion of this 

valve was at first supposed by the author; but further study and experi- 

ment led him to the hypothesis that the steam jets in lifting the valve 

do not begin to move from its middle point but from the periphery of a 

circle p out to the circumference of the valve of radius 7; so that the 

pressure of steam on the under surface of the valve is composed of two 

parts, of which the inner or aérostatie is produced by the solid steam 

cylinder of radius p and the outer or weak aérodynamie part by the ex- 

ternal hollow cylinder of r—p thickness of wall. The phases of develop- 

ment of steam tension were also investigated.—( Nature, xxi, 189, Decem- 
ber, 1879.) 

Aitken has propounded the rather remarkabie theory that dust is the 

germ of which fogs and clouds are the developed phenomena, Steam 

was mixed with air in two large glass receivers, one of which contained 

filtered the other unfiltered air. In the former the steam condensed in 

its well-known cloudy form, while in the filtered air no cloudiness what- 

ever appeared. From these and similar experiments the author con- 

cludes: Ist, that whenever water vapor condenses in the atmosphere it 

always does so on some solid nucleus ; 2d, that dust-particles in the air 

form the nuclei on which the vapor condenses; 3d, that if there was no 
dust there would be no fogs, no clouds, no mists, and probably no rain, 

and that the supersaturated air would convert every object on the surface 

of the earth into a condenser on which it would deposit; and 4th, that 

our breath when it becomes visible on a cold morning, and every puff of 

steam as it escapes into the air, show the impure and dusty condition 
of ouratmosphere. The importance of these results, meteorologically, is 

very great.—(Nature, xxiii, 195, December, 1880.) 

2. Conduction and Radiation. 

Weber has made a series of experiments upon the conductibility of 

liquids for heat, resting in principle upon Fourier’s theory. Sup- 

pose a thin liquid layer bounded by two parallel metallic plates, the 

whole possessing a uniform temperature. At a given instant the lower 

plate is cooled to 0° and the whole system is inclosed in a space at 0°. 

By determining the law of the variation of the temperature at the 

center of the upper plate, the coefficient of conduction may be caleu- 

lated. The experiment was made as follows: Upon a plate of copper 

0.05" in thickness, three small slips of glass 2 to 3™™ thick were placed 

to support the second plate of copper. This plate was perforated at 

ceuter by a small hole through which the liquid was introduced until it 

formed a slightly convex meniscus at the edges of the plates, care being 

taken to leave no bubble of air. When the whole had acquired the tem- 

_ perature of the laboratory one of the junctions of a thermo-electric couple 

was put in contact with the center of the upper plate, the other remain- 

ing in the melting ice. An aperiodic oscillation galvanometer in the 

circuit gave, by a simple reading, the electromotive force, and so 
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the temperature of the upper plate. By the help of a pulley and cord, 

the two plates thus prepared were placed on a thick and flat plate - 

of ice and immediately covered with a double cylinder filled with ice. 
The lower plate takes at once the temperature of the iceand remains so; 

in one or two minutes the circuit of the galvanometer is closed and the 

position of the needle read every 20 seconds. The value of k, in absolute 

C. G. S. units, was found for carbon disulphide, 0.0250; for benzene, — 
0.0200; for water, 0.0745; copper sulphate, 0.0710; for zine sulphate, | 

0.0691 fs 0.0711; salt, 0. 0692; alcohol, 0.0292 ; eile 0.0243 ; ; chloroform, 
0.0220; Files 0.0210; olive oil, 0. 0235; ; glycerin, 0.0402. These results 

in general agree with fiose obtained by Lundquist.—(J. Phys., ix, to 

May, 1880.) 

Crova.has proposed a purely optical method for measuring high teal 

peratures, founded upon the principle that two incandescent bodies, 

having the same radiating power, are at the same temperature when 

jhe spectra which they give are identical in extent. The instrument 

which he has devised for these measurements he calls a spectropyrom- 

eter. It is composed of a direct-vision spectroscope, having a slit in” 

the eye-piece to limit the field, and having the observing telescope mov- 

able about an axis perpendicular to the length of the spectrum, its play 

being limited to wave-length 676, and on the other side to wave-length 523, 

Over half the slit is a total-reflection prism, and in front of the slit is a 
Nicol prism in the center of a graduated circle, a second Nicol being 

placed either between this and the lamp, or preferably just behind the 

slit of the collimator. To measure the temperature of a body in optical 

degrees the telescope is first directed to the fixed point in the red, the two_ 

Nicols are put at 0°, and the intensities of the two spectra made equal, 

either by moving the moderator-lamp used asthe standard farther off, or 

by rotating a Nicol placed between the body and the reflecting prism. 

The telescope is then moved to wave-length 523 in the green, and two 

green images are obtained of unequal intensities. If the temperature of 

the body is less than that of the lamp (below 2000° C.) the greens ai 

made equal by rotating the Nicol. If a be the angle of rotation the in 

tensity is equal to 1000 cos 2a if the temperature of the lamp is 1000 optical 

degrees. ‘To calibrate theinstrument, the temperature of the lamp flame 

was compared with that of an air-thermometer with a porcelain bulb 

heated in a furnace until the spectra of the two were identical throughout. — 

In this way Crova finds in optical degrees the following values for oa 

sources examined: Platinum strip heated to redness in a gas flame, 524 

the same heated to a white heat in a gas blow-pipe flame, 810; moderator a 

lamp fed with colza oil, 1000; stearin candle, 1162; anne gas (A (Ar 

gand burner), 1373; Saciligdae on light (oxygen and coal gas on lime), | 

1806; electric light (60 Bunsen cells), 3060; solar light, 4049. The author 

hopes to compare in this way the intensities of the simple radiations of ) 

incandescent vapors, provided that the spectrum consists of more that” 

a single line.—(Ann. Chim. Phys., V, xix, 472, April, 1880.) ; 

st 



PHYSICS. 257 

Mouton, in an elaborate memoir, has given the results of his experi- 

ments to determine the wave-length of dark heat rays by a method 

depending on the position of interference bands in polarized light. In 

the formula the wave-length appears as a function of the thickness of 

the interfering film, of the difference of the indices for the two rays of 

this wave length, and of the number of wave-lengths concerned. By 
the measurement of these values the wave-length was easily calculated. 

The result obtained is noteworthy, since it gives us a wave-length 

actually measured of 0.002140™", or 2.14. If this be compared 

with the wave-length of the ultra-violet line R, measured by Mas- 

i - eart, 0.00031775, it will be seen that the wave-length of this ultra-red 

line is more than six and a half times greater. The entire ether gamut 

known is more than two and a quarter octaves, while the total chemical 

and luminous radiation covers scarcely a single one.—(Ann. Chim. Phys., 

V, xviii, 145, 1879; J. Phys., viii, 393, December, 1879; ix, 113, April, 
1880.) 

Rosetti has given a series of measurements upon the temperature of 

the voltaic arc, using a method which consists in receiving upon the 

| face of a thermopile placed at a convenient distance, rays emitted from 

a surface of known area, and measuring the thermic effect on a sensitive 

galvanometer. The following are his conclusions: Ist. The carbon pos- 

itive pole from the moment of the production of the electric. light has 

always a higher temperature than the negative. 2d. These tempera- 

tures vary according to the variation in the strength of the current. 

3d. They are as much higher as the radiating surface is smaller, pro- 

_ vided, obviously, that the end of the point be included. 4th. For the 

negative pole the minimum temperature was found to be 1910°C., the 

radiating surface being large and not very brilliant in some places. The 

| maximum temperature observed was 2532°C., the radiating surface being 

one-half the preceding. Sth. For the yates pole the minimum temper- 

ature found was 2312° C., the carbon being very large and the radiating 

surface extended. For the maximum temperature, 32009 C., where the 

earbon was thin and the radiating surface nearly one-fourth of that cor- 

responding to the minimum temperature. 6th. The extreme point of 

the negative carbon may be considered at 2000° C. at least; that of the 
‘positive carbon not less than 3200°.—(Ann. Chim. Phys., V, xviii, 457, 

‘December, 1879; J. Phys., viii, 257, August, 1879.) 
Rosetti has published also anextended memoir on the temperature of the 

sun, giving the experimental methods employed and the results obtained. 

For the purpose of determining the law of radiation as a funetion of the 

temperature, the thermopile, which was connected with a Wiedemann re- 

flection galvanometer, received the heat radiated from a Leslie cube, con- 

taining water for the lower and mercury for the higher temperatures, 

| up to 300°C. Accurate thermometers gave the temperatures of the air 

_ outside and of the liquid inside the cube. From the data thus obtained 

an empirical formula was derived, which the author thinks represents 

| S. Mis. 31—17 
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the facts better than that of Dulong and Petit. From this, results were 
calculated for temperatures beyond 300° and up to 2000°, which agreed 

well with those derived from experiment. The apparatus was then ap- 

plied to the determination of the solar temperature. The thermopile 

was placed where the direct rays of the sun could fall normally upon its. 

face. Four readings of the galvanometer were made during each obser- 

vation: the first with open circuit to fix the zero point; the second, with 

closed cireuit, the case of the pile being closed; the third, after opening 

the case to allow the heat rays to act; the fourth, with the case open and 

the solar rays intercepted by a double-walled screen placed one meter off. 

This last reading was generally negative, the pile radiating heat into 

space. Calculated from these results it appeared that the thermic effect 

which would be produced by the solar radiation falling normally on the 

face of the pile, if the atmosphere did not exist, or if the pile were above 

it, is represented by 323 scale divisions. Since resistance was used in the 
circuit in the last experiments, this value must be multiplied by 5.6921 

to make it comparable to the others; this gives 1838.5 divisions. Calling 

the effective temperature of the sun, that which an incandescent body 

of the same size placed at the same distance should have to produce the 

same effect, its emissive power being at the maximum, the formula gives 

as the absolute effective temperature of the sun 10238°.4, or in degrees. 

centigrade, 9965.4. The author concludes that if the absorption of our 

atmosphere only be taken into the account, the true temperature of the sun 

cannot be far inferior to ten thousand degrees. If the absorption pro- 

duced by the solar atmosphere be also considered, and Secchi’s estimate - 

of .88 be allowed for it, then this temperature is higher but not very far 

superior to twenty thousand degrees.—(Ann. Chim. Phys., V, xvi, 177, 

June, 1879.) ; 

Langley has compared the intensity of the solar-heat radiation with 

that of the incandescent surface of Bessemer steel in fusion as it flows’ 
from the converter. The temperature of this molten metal is above that: 

at which platinum melts, a wire of this metal fusing in the gas stream! 

issuing from the mouth of the converting vessel; hence it is from 18009} 
to 2000° C. The heat radiated from the liquid stream fell on one face of 

a thermopile, while a bundle of solar rays was reflected on to the other? 

face. Though the apparant diameter of the opening of the converter? 

was many times that of the sun, so much greater was the energy of the’ 
latter that a lens was interposed to form a magnified image of the sump 
on the pile, and it was diaphragmed to bring the needle to zero. Caleu-! 

lating for equal diameters, the solar energy was found to be 86 times that) 

of the molten metal at least. Photometric comparison showed the solar-/ 
light radiation to be 5,300 times that of the metal. Crova, in noting) 
these experiments, calls attention to the rapid increase of light emitted: 
by melted silver as the temperature rises, being 147 times greater ati 

1200° than at 916°, and hence 28,900 times at 15009, as evidence that the) 

sun’s temperature is quite moderate compared with some of the caleu-) 

lations made on the subject.—(J. Phys., ix, 59, February, 1880.) 
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Crookes has made remarkable progress in studying the phenomena 

of molecular physics in high vacua, and has obtained results even more 

novel and striking than those connected with his marvelous little in- 

strument, the radiometer. In a paper read to the Royal Society Decem- 

ber 5, 1578, he showed that the dark space which surrounds the negative 
pole in an ordinary vacuum tube illuminated by an induction coil, is the 

result of intense molecular vibration which excites a molecular disturb- 

ance in the surface of the disk and the surrounding gas. As the rare- 

faction increases, this layer of molecular disturbance increases in thick- 

ness. Ata pressure of 0.078™™, it extends for 8"™" from the disk. It 

is greatest in hydrogen and least in carbon dioxide. Numerous ex- 

periments were devised to ascertain whether this visible layer of molec- 

ular disturbance was identical with the invisible layer of molecular 

pressure. A radiometer with aluminum disks, each coated with mica, 

when made the negative electrode, revolved rapidly as soon as the dark 

space is made by exhaustion to extend to the glass. Witha cup-shaped 

aluminum electrode, the convergence of the lines of force to a focus was 

very marked. When the exhaustion becomes very high the dark space 

fills the tube, and where the rays after divergence fall on the glass, a 

sharply-defined spot of greenish-yellow light appears. ‘This greenish- 

yellow phosphorescence of molecular impact is due to the particular 

kind of glass used. Other kinds of glass give different colors. At 4M 

exhaustion (M refers to millionths of an atmosphere) no other light than 

this is seen. At 0.9 M the phosphorescence reaches it maximum. At 

0.15 M the spark passes with difficulty and the light appears in flashes. 

‘At 0.06 M the vacuum is non-conducting, and only very intense sparks 

will pass. Beyond this nothing has been observed. The rays producing 

the green phosphorescence will not turn a corner. Hence a body in 

their path intercepts them and casts, as it were, a shadow on the glass 

behind it. 
Mr. Crookes advances the theory, therefore, that the induction spark 

actually illuminates the lines of molecular pressure caused by the elec- 

trical excitement of the negative pole. The thickness of the dark space 

is the measure of the mean length of the path between successive col- 

lisions of the molecules. The extra velocity with which the molecules 

rebound from the excited negative pole keeps back the more slowly 

moving molecules which are advancing toward that pole. The con- 

flict oceurs at the boundary of the dark space, where the luminous 

margin bears witness to the energy of the collisions. By using a rotat- 

ing fly it may be caused to revolve with high velocity by directing the 

‘molecular impact on one side of it. Moreover, these lines of molecular 

force are markedly deflected by a magnet, the action being to twist the 

trajectory of the molecules, the direction of twist when an electro-mag- 

‘net is used being that of the electric current round the magnet. When 

the magnet is so adjusted as to exert a uniform downward pull on the 

‘molecules, the trajectory is much curved at low exhaustions, and gets 
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flatter as the rarefication increases, exhibiting a close parallelism with 
the phenomena of projectiles. Moreover, great heat is produced by the 

impact of these molecules. A large hemispherical cup of aluminum 

used as the negative pole gives a focus in which platinum may be melted. 

The conditions in these high vacua are special. The free path of the 

molecules is so long that the average molecule is allowed to obey its 

own motions or laws without interference; so that if this path is com- 

parable to the dimensions of the vessel, the properties which constitute 

gaseity are reduced to a minimum, and the matter becomes exalted to 

an ultra gaseous state. The phenomena in these tubes reveal a new 

world, a world where matter exists in a fourth state, where the corpus- 

cular theory of light holds good, and where light does not always move 

in a straight line. 

In a lecture on radiant matter, delivered at the Sheffield meeting 

of the British Association, August 22, 1879, Crookes discussed and 

elegantly illustrated the principles given in the paper above quoted. 

His vacua are thus graphically described: ‘According to the best au- 

thorities a bulb of the size of the one before you (13.5°" in diameter) 

contains more than 1,000,000,000,000,000,000,000,000 (a quadrillion) of 
molecules. Now, when exhausted to the millionth of an atmosphere, 
we shall still have a trillion molecules left in the bulb, a number quite 

sufficient to justify me in speaking of the residue as matter. To suggest 

some idea of this vast number, I take the exhausted bulb and perfor- 
ate it by a spark from the induction coil. The spark produces a hole 

of microscopical fineness, yet sufficient to allow molecules to penetrate 

and to destroy the vacuum. The inrush of air impinges against the 

vanes and sets them rotating after the manner of a wind-mill. Let us 

suppose the molecules to be of such a size that at every second of time 

a hundred millions could enter. How long, think you, would it take 

for this small vessel to get fullof air? An hour, a day, a year, a century? 

Nay, almost an eternity! A time so enormous that imagination itself 

cannot grasp the reality. Supposing this exhausted glass bulb, indued 

with indestructibility, had been pierced at the birth of the solar system; 

supposing it to have been present when the earth was without form and 
_void; supposing it to have borne witness to all the stupendous changes 
evolved during the full eycles of geologic time—to have seen the first 
living creature appear, and the last man disappear; supposing it to sur- 
vive until the fulfillment of the mathematician’s prediction that the sun, 
the source of energy, four million centuries from its formation, will 
ultimately become a burnt-out cinder; supposing all this—at the rate of 
filling I have just described (100 million molecules a second) this little 
bulb even then would scarcely have admitted its full quadrillion of 
molecules. But what will you say if I tell you that all these molecules, 
this quadrillion of molecules, will enter through the microscopic hole 
before you leave this room? The hole being unaltered in size, the 
number of molecules undiminished, this apparent paradox can only be 
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explained by again supposing the size of the molecules to be diminished 

almost infinitely, so that instead of entering at the rate of 100 millions 
every second they troop in at the rate of something like 300 trillions a 

second. I have done the sum, but figures, when they mount so high, 

cease to have any meaning, and such calculations are as futile as trying 

to count the drops in the ocean.”—(Proc. Roy. Soc., December 5, 1878 ; 

Phil. Mag., January, 1879; Am. J. Sci., III, xvii, 218, March, 1879; xviii, 
241, October, 1819; Nature, xx, 228, 250, 419, 436, 1879.) 

In a subsequent communication to the Royal Society, Crookes says that 

he has examined some of these phenomena more closely, and has con- 

firmed the molecular-stream hypothesis. If, however, the residual mole- 

cules, being negatively charged by contact with the negative pole, and so 

repelled, were solely acted on by the initial impulse from the negative 

pole, they would take a direction accurately normal to the surface re- 

pelling them, and would start with their full velocity. But the mole- 

cules, being all negatively electrified, exert mutual repulsion, and there- 

fore diverge laterally. The negative pole, likewise, not only gives an 

initial impulse to the molecules, but it also continues to act on them 
by repulsion, the result being that they move with an accelerating ve- 

locity the further they get from the pole. Within the dark space at a 

moderate exhaustion, the velocity does not accumulate to a sufficient 

extent to produce phosphorescence; but at higher exhaustions the 

mean free path is long enough to allow the molecules to get up speed 

sufficient to cause phosphorescence. The luminous boundary to the 

dark space around the negative pole is probably due to the impact of 

molecule against molecule, producing phosphorescence of the gas in the 

same way as the impact of molecules against German glass produces 

phosphorescence of the glass. The effect of deadening produced on 

glass by long-continued phosphorescence, which was illustrated by 

stenciling, by means of a discharge from the negative pole, the image 

of a maltese cross on the end of a large pear-shaped bulb, has been 

further developed by opening the bulb and heating the wide end in the 

blowpipe flame until soft and melted out of shape. It was then blown 

out again into its original shape and re-exhausted; on connecting it 

with the coil, the original ghost of the cross was seen to be still there. 

At Maxwell’s suggestion a third, idle, electrode was introduced into a 

tube. On connecting it with an electroscope, it appeared that when in 

a direct line between the positive and negative poles, and receiving the 

full impact of the molecules driven from the negative pole, it had a 

strong positive charge. The effect of magnetism on the discharge has 

been further examined, and this was found to be so sensitive that when 
the tube was placed parallel to the earth’s equator, the earth’s magnet- 

ism was suflicient to cause the spot of light to move five millimeters 

away from the position it occupied when the tube was parallel to the 

dipping needle. Complete and orderly rotation of the molecular rays 

was obtained by placing an electro-magnet beneath the tube in a line 
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with the terminals. With reference to the heating effect of molecular 

bombardment, a plate of German glass was held in the focus and soon 

became red hot. Gas then appeared in the tube, which gave the hydro- 

gen spectrum. This was pumped out and the experiment repeated. 

The glass could be heated to dull redness without evolution of gas, but 

when the heat approached the fusing point, the lines appeared. ‘This 

hydrogen the author thinks comes from vapor of water which is obsti- 

nately held in the superficial pores, and which is not entirely driven off 

by anything short of actual fusion of the glass. From an experiment 

in which a hole in a mica disk was placed in front of a negative elec- 

trode of platinum, and the tube opposite the hole was not more darkened 

than the surrounding portions, Crookes infers that the molecular stream 

does not consist of particles of the negative pole shot off from it. With 

regard to the production of phosphorescence by impact in crystals, the 

conclusion is arrived at that the rays whose direction of vibration cor- 

responds to the direction of maximum optical elasticity in the erystal 

are always originated where any light is given out.—( Nature, xxii, 101, 

125, June, 1550.) 
More recently, Crookes has written a letter to the secretary of the 

Royal Society, in answer to a challenge from De la Rue, defining his 

position in reference to the ultra-gaseous or fourth state of matter. 
This letter concludes thus: ‘The molecule—intangible, invisible, and 

hard to be conceived—is the only true matter, and that which we eall 

matter is nothing more than the effect upon our senses of the move- 

ments of molecules, or, as John Stuart Mill expresses it, ‘a permanent 

possibility of sensation” The space covered by the motion of molecules 

has no more right to be called matter than the air traversed by a rifle 

bullet can be called lead. From this point of view, then, matter is but 

a mode of motion; at the absolute zero of temperature the inter-molec- 

ular movement would stop, and although something retaining the prop- 

erties of inertia and weight would remain, matter, as we know it, would 
cease to exist.”—(Proc. Roy. Soc., June, 1880; Nature, xxii, 153, June, 
1880.) 

Marangoni has studied the diathermanous power of liquid films, using 

for this purpose soapy water. <A series of equidistant films 8 or 10 in 

number was produced in a wide glass tube, and heat rays from a smoked 
plate at 400° were reflected through the tube by a mirror, a second 

mirror at the other end directing them on the face of the thermopile. 

He found, (1) that the first film absorbs more than half the heat, re- 
ducing the deflections from 38 to 18 divisions; (2) the successive films 
produce decrements as theory indicates; (3) the diminution of intensity 

depends very little on reflection, but almost wholly on absorption; (4) 

the thinner the film the more diathermanous it becomes; (5) the dia- 
thermaneity is not sensibly affected by mixing various salts with the 

solution of soap.—( Nature, xxi, 620, April, 1880.) 

Lecher has made further experiments on the absorbing action of car- 
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bon dioxide for radiant heat, with especial reference to the effect of this 
gas in the atmosphere. Using a gas flame and a glass cylinder, 

he found that a layer of the gas 214™™ thick allowed 94.8 per cent. 

of the radiation to pass; 536™" allowed 93.8 per cent.; and 917™™" 89 

per cent. The sun’s rays were proved to undergo considerable weak- 

ening in their passage through carbon dioxide; a layer of the gas one 

meter thick absorbing 13 per cent. when the sun’s altitude was 59°, 

diminishing as the sun got lower. The absorption of solar radiation 

by carbon dioxide is selective therefore, the absorbable wave-lengths 

becoming rarer as the thickness of the atmosphere already traversed 

increases. From his experiments, Lecher calculates the proportion of 

carbon dioxide in the atmosphere to be 3.27 parts in 10,000 by volume. 

The agreement of this value with that obtained by direct chemical 

methods suggests that absorption is a good method for its rapid deter- 

mination in the air.—( Nature, xxiii, 209, December, 1850.) 

3. Specific heat. 

Mile. Stamo has published as an inaugural dissertation at Zurich 

some researches upon the specific heat of water. In the first set of experi- 

ments a brass calorimeter was used, filled to within one centimeter of 

the top with copper turnings loosely packed. Into this the water, 

heated gradually in a copper vessel placed in an oil bath, was poured. 

The high conducting power of the copper turnings rendered it unneces- 

sary to agitate the liquid. The author having determined in advance, 

as exactly as possible, the specific heat of copper as compared with 

water at ordinary temperatures, the comparison could easily be made 

with the water heated to 60° or 80°. The mean of the coefticient of va- 

riation of the specific heat of water is 0.0012550. In the second set 

of experiments, the same electric current was passed through wires of 

platinum, or of German silver, about 5™™ long, rolled on rubber frames 

and immersed in calorimeters full of water, one being surrounded 

with ice, and the other with water at a constant temperature t. From 

the heating observed, the specific heats at 0° and at t° were calculated. 

In this way the variation coefficient was found to be 0.000859, a value 
of the same order as in the first case.—(J. Phys., ix, 138, April, 1880.) 

Witz has examined the cooling power of air at high pressures with a 

view to verify the exactitude of the law of Dulong and Petit, according 

to which the heat removed at each instant from a body by any gas sur- 

rounding it depends only upon the excess of temperature of the body 

above the surrounding medium, and upon the pressure of the gas. The 

apparatus consisted of a cast-iron cylinder of 15 liters capacity, strong 

enough to sustain a pressure of 10 atmospheres, lampblacked on its in- 

terior.. Within this was placed a cylindrical cup of thin iron, 54"™ long 

and 27™™ in diameter, surmounted by a tube 8™™ diameter, by which it 

is adjusted to the center of the large cylinder. The cup holds 200 grams 

of mercury, and the stem of a thermometer is plunged into it. The 
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volume of the outer cylinder is 400 times that of the inner. In making 

an experiment the 200 grams of mercury, weighed with care, is heated 

in an iron vessel, aud poured into the central cup. The thermometer is 

at once immersed in it, and its temperature noted by means of a tele- 

scope a meter distant. The time of passage of the column from five 

to five, or from ten to ten divisions is noted on a chronograph. The 

pressures experimented with were from 760 to 6,400"; and the general 

result obtained was that the law of Dulong and Petit ceased to be ap- 

plicable at about 1,520™™, the pressure exponent passing from 0.45 to 

0.65; though at 3,040" it was 0.54, and at 6,080™™", 0.44. Studying the 

phenomena more carefully between 800 and 2,000™", Witz found that 

Dulong’s law represented the facts from 800 to 1,200™"; and that from 

1,200 to 1,600™™ there was a very rapid change, the exponent rising to 

0.85, the curve of velocities presenting a point of inflection near this 

pressure. This the author shows ina graphic curve.—(Ann. Chim. Phys., 
V, xviii, 208, October, 1879.) 

LIGHT. 

1. Reflection and Refraction. 

Schwendler has proposed a new light-unit founded upon the ignition 

of a strip of platinum, as originally suggested in 1844 by Draper and in 

1859 by Zéllner, and put into practical use for electrical illumination by 

Farmer also in 1859. This unit of luminous intensity is given by a cur- 

rent of 6.15 webers passing through a platinum strip 2™ wide, 36.28™™ 

long, and 0.017"™ thick, weighing 0.0264 gram, having a calculated re- 
sistance of 0.109 mercury-unit, and an actual resistance (including that 

at the two contacts) of 0.145 mercury-unit at the temperature of 66° IF. 

This strip should be of pure metal, cut into the U-form, and connected 
by large conductors with eight Grove cells of low resistance. The cur- 

rent is maintained constant by means of a mercury rheostat, in the form 
of a U-shape groove, a millimeter in cross-section and a meter long, 
cut in a board and filled with mercury. A copper bridge movable along 

this groove enables the current to be kept constant, as indicated on a gal- 

vanometer. The P. L. 8S. (platinum light standard) is equal to nearly 

0.7 standard candle. The economy of this light in comparison with that 

of the voltaic are is over 70 times in favor of the are.—(Phil. Mag., V, 
viii, 392, November, 1879; J. Phys., ix, 135, April, 1880.) 

Eder has suggested a chemical photometer. The solutions are pre- 

pared by dissolving separately, each in one liter of water, 40 grams of 

ammonium oxalate and 50 grams of mercuric chloride (corrosive sub- 
limate). When used, two volumes of the former solution are mixed 

with one volume of the latter, and exposed to the light. The liquid be- 

comes turbid, and a black precipitate is thrown down. The weight of 

this precipitate per square centimeter of surface exposed to the light 

gives the measure of its intensity.—(Ber. Ak. Wien, 1879, 240; J. Phys., 
ix, 110, March, 1880.): 
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Gouy has investigated the photometry of colored flames, and has de- 

vised a spectroscope by which various sources of light of different colors 

may be compared with others, the comparison being made in parts of 

their spectra having the same tints. The spectroscope is an ordinary 

two-prism instrument, the collimator having its objective half covered 

with a plate of plane glass so inclined that the light from a second colli- 

mator falling on its face is reflected into the prisms. The eye, therefore, 

sees in the observing telescope two spectra in exact coincidence, one 

coming from each of the two collimators. One of these comes from a 

‘gas flame, and is continuous; the other is a bright line spectrum com- 

ing from an incandescent vapor. By means of two Nicol prisms the 

intensity of the former may be regulated. The angle between these 

prisms measures the illuminating power. The author shows that for 

wide bands, and for continuous spectra, their transparence is complete. 

For narrow lines, it appears not to be true; that for each simpie ray the 

emissive and the absorptive power depend only on the quantity of vapor 

contained in a right cylinder having a unit base, and for its height the 

thickness of the layer; that two layers of vapor at the same temperature, 

which give the same brilliance to a given line, have identically the same 

vapor quantity and are optically alike; and that the widening of lines 

is a necessary consequence of the fact that the radiation of the vapor is 

a continuous function of the wave-length, which does not disappear be- 

yond the lines, but forms a background of continuous spectrum, which 
is never wanting when the illumination is sufliciently brilliant.—(Ann. 
Chim. Phys., V, xviii, 5, September, 1879; J. Phys., ix, 19, January, 1880.) 

Michelson read at the Saratoga meeting of the American Association 

a paper describing his experimental determination of the velocity of light. 

The method which he empioyed was Foucault’s, with a revolving mirror, 

but in which some modifications were introduced. The chief of these 

was the replacement of Foucault’s spherical mirror by a plane mirror, 

thus enabling the distance between this mirror and the revolving mirror 

to be increased indefinitely. To make the displacement of the returned 

image as great as possible, the distance from the slit to the revolving 

mirror and the speed of rotation should also beincreased. But inecreas- 

ing the first distance diminishes the second, from the laws of conjugate 

foci. This difficulty was overcome by using a lens of 150 feet focus, and 

by placing the revolving mirror 15 feet within the principal focus of the 

lens. In the experiments the distance between the two mirrors was 

nearly 2,000 feet, and the distance from the slit to the revolving mirror 

was about 30 feet, the speed of the rotating mirror being about 257 rev- 

olutions per second. The deflection obtained exceeded 133™™, being 

about 200 times that obtained by Foucault. This deflection was meas- 
ured to within three or four hundredths of a millimeter, and the result 

therefore may be regarded as correct within one ten-thousandth part. 

_ The mirror was rotated by an air turbine on the same axle, the pressure 
of air being kept constant by means of a water-gauge. An electrically 
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vibrated tuning-fork was used to regulate and measure the speed, the 

light from the revolving mirror being reflected from a steel mirror on 

one of the prongs to a piece of plane glass in front of the eye-piece, and 

thence to the eye. When the mirror makes as many turns as the fork 

makes vibrations, or when these are in simple ratio to each other, the 
two images become stationary. The electric fork made 128 vibrations, 

and was compared at each set of observations with a standard Ut, fork 

making 256.072 vibrations at 65° I. The deflection was measured with 

an accurate micrometer. The results are given in 100 readings, each of 

which is the mean of ten separate observations. The mean value cor- 

rected for temperature, for the velocity of light in air is 299,864 kilome- 

ters per secoud. Adding 80 kilometers to reduce it to vacuo, this value 

becomes 299,944 kilometers, with a probable error of +51 kilometers.— 

This gives 186,380 miles per second reduced to English measure.—(Am. 

J. Sci., U1, xviii, 390, November, 1879.) 

Ayrton has given a lecture at the Royal Institution upon magic mir- 

rors, the effects of which, as it appears, so far from being intended, were 

quite unknown to the Japanese, though known to the Chinese from the 

earliest times. On reflecting a divergent beam of light from such a 

mirror, Ayrton found that the pattern on the back appeared bright on 

a dark ground; with a parallel beam no pattern could be seen; while 

with a convergent beam the pattern was dark on aiight ground. Hence, 

the effect must be caused by inequalities in the curvature of the reflect- 

ing surface corresponding to the raised pattern on the back, the portions 

where the relief increases the thickness of the plate being flatter than 

the remaining convex surface, and sometimes actually concave. The 

result is very exceptional, being shown well in only 2 or 3 per cent. of 

the mirrors made. It is produced when the bronze casting is worked 

sufiiciently thin to determine a buckling of the metal.—(Nature, xix, 186, 
939, December, 1878; April, 1879.) 

Govi presented to the Turin Academy in 1864 a valuable historical 

paper upon the magic mirrors of the Chinese, called by them Theon- 

kouang-kim, or mirrors which the light can penetrate. In this he shows 

that if the mirror be heated from behind the thin portions heat most 

rapidly, become more convex, and the magic effect is made more marked. 
Bertin, associating himself with Duboseq, sought to improve upon this 

suggestion of Govi’s, by varying the curvature by pressure. <A frame 

was constructed for holding the mirror so that air could be forced in 

behind it to make its surface more convex, or exhausted to make it con- 

cave. A mirror in nickel-plated brass, on the back of which figures 
were engraved and relief ornaments soldered, became very magic by 

pressure, giving simultaneously a dark image of the depressed designs 

and light images of those in relief.—(Ann. Chim. Phys., V. xx, 99, 110, 

143, May, 1880; J. Phys., ix, 401, December, 1880.) 

Bibart has shown that although the images produced in the kaleid- 

oscope are sharp when looked at directly, whatever be the angle between 

| 
| 
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the mirrors, this is true of projected images only when the angle between 

the mirrors is an even submultiple of the circumference. For this projee- 

tion the light should be concentrated upon the object, say a small hole 

in a blackened screen. Behind this screen are the blackened mirrors, 

one horizontal, and behind these a lens for producing the image on the 

screen. If the inclination of the second mirror be varied, the number 
of the images increases by doubling one of them.—(J.Phys., ix, 11. Jan- 
uary, 1580.) 

Bleekrode has measured the indices of refraction of cyanogen, carbon 

dioxide, and ammonia, liquefied in a Faraday tube having parallel sides 

at one end. He used the method of determining the index by the dis- 

placement of an object seen with a microscopic objective when the space 

at first empty is filled with the liquefied gas. The index of cyanogen, 

at 13°, for the sodium line, was found to be 1.320; of carbon dioxide at 
19°, 1.163; of ammonia at 179.5, in sunlight, 1.314. The index of zine- 

ethyl was obtained as 1.489. The above value for CO, is very near that 

obtained by Brewster in 1526, for a liquid contained in a cavity in Bra- 

zilian topaz, undoubtedly liquid CO,.—(Ann. Phys. Chem., LU, viii, 400, 
1879; J. Phys., ix, 141, April, 1880.) 

Bertin has described an inverting prism devised by Duboscq for use 

with the lantern, in cases where the object cannot itself be inverted. It 

consists of a right-angled isosceles prism whose hypothenuse is placed 

parallel to the axis of a convergent beam of light, its center coinciding 

with the focal point. Under these circumstances the beain is totally 

reflected from the base of the prism and inverted. In practice, two of 

these prisms are placed in the beam from the lantern, with their bases 

together. The use of a prism for this purpose is not new; it is figured 

in Brewster’s Optics (London, 1853, p. 454,) where it is described for the 

same purpose. More recently (J. fr. Inst., lxiii, 375, 1872) Zentmayer 

has constructed an inverting prism for the microscope, which he has 

also used for the lantern, and which would seem to be more effective so 

far as amount of light is concerned than the Duboscq arrangement.— 

(J. Phys., vill, 336, October, 1879.) 

Gariel has proposed some ingenious mechanital models for illustrat- 

ing the relations of the foci of lenses. Two rods are articulated on a 

line perpendicular to the axis of the lens—drawn in section—at a point 

near its circumference. These rods are attached near their ends to op- 

posite parts of a cord which moves over pulleys attached to the frame. 

Since the angle between the rods remains constant, by moving the cord 

the variations in the positions of intersection of the rods with the axis, 

7. €., the foci, may be clearly shown. A noteworthy modification of 

this model enables the optical phenomena of the eye, accommodation, 

emmetropia, myopia, and hypermetropia, to be shown distinctly to an 

entire class.—(J. Phys., ix, 340, October, 1880.) 

Stevenson has suggested an instrument for exploring dark cavities 

which are inaccessible to direct light. It is simply a train of prisms by 
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which the ray is properly bent, these prisms being suitably achroma- 

tized. Light is thrown into them from a mirror at the end of the train. 

This traverses the system, illuminates the object by reflection from the 

last surface, also a mirror, and then returns over the same path, passing 

to the eye pimowen an opening m the first mirror. The number of prisms 

which may be used is limited only by the light and the definition.—(Na- 

ture, xxi, 14, November, 1879.) 

Joseph Le Conte has continued his researches on binocular vision, and 
has published a paper on the laws of ocular motion. ‘The conclusion 

which he reaches is that when the eyes move in the same direction, 

parallel to each other, as in ordinary vision of objects, all their motions 

are governed by the law of Listing; 7. e., they are effected without rota- 

tion on the optic axes. But when, on the contrary, they move in oppo- 

site directions, as in strong convergence, then the law of Listing is en- 

tirely abrogated or overborne and another law reigns in its place.—(Am. 

J. Sci., LI, xx, 83, August, 1880.) 

Steinhauser has pointed out a fixed relation between the size and rel- 

ative position of the two views of a stereoscopic picture, the lenses of 

the camera with which it is taken, and the optical arrangements of the 

stereoscope in which it is to be viewed. If these relations are rightly 

observed the effect of relief will be much more perfectly attained for all 

parts of the picture. The eye-pieces of the stereoscope above the plane 

of the photographic pictures ought to be made as nearly as may be 

equal to the focal length of the objective of the photographer’s camera, 

and this again should be about equal to the mean distance of easy 

vision, or from 10 to 12 inches. Hence he suggests: 1st, that all stereo- 

photographs should be taken with lenses of the same focal length, say 

15°".; 2d, that all should be made of equal breadth or about 75mm; 

and 3d, that the distance between the centers of the objective fenees 

should be constant.—(Nature, xxi, 117, December, 1879.) 

Obach has made a series of experiments to determine whether the 

phosphorescent light of Balmain’s paint would produce any sensible 

effect on the conductivity of selenium. For this purpose a Siemens 

selenium cell was used, which was exposed to a phosphorescent surface 

20 by 30, placed at Goem distance. When exposed to the light reflected 
from the ceiling of a semi-dark room, the light from the phosphorescent 
surface reduced the conductivity of the selenium 0.7 per cent.; light 

from the ceiling of a well-lighted room for 15 minutes, 2.4 per cent.; 

light of sky at 5 p. m. for several minutes, 4.6 per cent.; light from 

few inches magnesium ribbon, 5.1 per cent.; sunlight for two minutes, 

7.8 per cent. The influence of 350 square centimeters of luminous sur- 

face, excited by diffused daylight, was found equal to 0.0014 standard 

candle or 0.04 standard candle per square meter.—(Nature, xxii, 496, 
September, 1880.) 

Graham Bell presented to the American Association at its Boston — 
meeting a paper by himself and Tainter on the production and repro- 

0 ee a 
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duction of sound by light. The apparatus devised for the purpose he 

calls a photophone; and its action is based on the faet that when an in- 

termittent beam of light is made to fall on a disk of almost any mate- 

rial, this disk emits sounds whose pitch is the same as the number of 
intermissions. The substance most sensitive, however, is selenium, 

which, as is well known, diminishes in its electrical conductivity by the 

action of light. When therefore an electric current was passed through 

a selenium cell and a telephone, the intermittent beam of light falling 

on the selenium varied its resistance so as to reproduce an intermittent 

electrical current of the same pitch distinctly audible in the telephone. 

The cell was made of disks of brass, alternating with slightly smaller 

disks of mica, the metal disks being alternately united electrically. In 

the grooves between these metal disks melted selenium was placed, and 

the whole was heated to such a temperature that the selenium passed 

into the crystalline state. This cell, placed in the focus of a parabolic 

mirror, constituted the receiver. The transmitter consisted simply of a 

sheet of mica or thin glass, silvered, against the back of which the voice 

could be directed by means of a mouth-piece. Upon this a beam of con- 

densed sunlight was allowed to fall, whence it was reflected to the dis- 

tant receiver. On talking into the mouth-piece, the beam of light varied 

correspondingly, and the spoken words became audible in the tele- 

phone.—(Am. J. Sci., III, xx, 305, October, 1880. See also Ann. Chim. 

Phys., V, xxi, 399, 560, 1880; Nature, xxii, 500; xxiii, 16, 58, 1880.) 

Mereadier has studied the simpler forms of the photophone, which he 

calls radiophone, a sort of optical siren, in which a rotating disk pierced 

with holes is interposed in the path of light-rays, causing intermittences 

of a period corresponding to the speed. The disk used is simply a sheet 

of black paper gummed on a glass disk to avoid the whistling sound 

noticed with pertorated disks. The receiving disks were fixed in a suit- 

able holder, at the end of a short hearing-tube of India rubber. When 

the substance used was opaque, like zine, copper, ete., the loudness is 

the same, whether polished or not. Thin disks are better than thick 

ones, and glass and quartz gave good results. <A film of smoke or paint 

or of metallic silver on the front of the disk diminishes the eftect, while 

blackening the back of the disk makes it louder.—( Nature, xxiii, 209, 
December, 1880.) 

2. Dispersion and Color. 

J. W. Draper has deseribed a new form of spectrometer, intended for 

comparing the brilliancy of lights. It depends on the optical principle 

that a light is invisible in presence of another sixty-four times stronger. 

To produce it, the scale-tube is removed from the common three-tubed 
spectroscope, and a piece of glass ground on both sides is placed against 

the aperture. By placing a gas-flame in front of this glass, the field 

appears uniformly illuminated. This is the extinguishing light. With- 

out it, the spectrum of a luminous flame placed before the slit appears 
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as usual. With it, this spectrum appears in a field of light, the bril- 

liancy of which can be varied at pleasure. When the extinguishing 

flame is distant, the whole spectrum is visible. As it comes nearer, the 
violet first disappears, and then the other colors in the order of their 

brightness. Though the yellow is commonly supposed to be the bright- 

est of the rays, yet it disappears in this treatment in the order of its 

refrangibility, the red being plainly perceptible long after the yellow has 

gone. To render the extinguishing light more intense in order that it 

may obliterate very bright spectra, the simple and efficient device was 

adopted of depositing an exceedingly thin film of silver on the reflect- 

ing face of the prism. his, while not perceptibly diminishing the 

amount of transmitted light, increased markedly that of the reflected 

beam. Sunlight was then tried with the same results. The prism was 

then replaced by a grating, and the experiment repeated on the diffrac- 

tion spectrum. In this all the colored spaces yielded apparently in an 

equal manner, and all disappeared at the same moment. On diminish- 

ing the illumigation, all the colors came into view apparently at the same 

time. The author concludes: Ist, that in the prismatic spectrum the 

luminous intensity increases from the more to the less refrangible spaces, 

its maximum being not in the yellow, but in the red. This is due to the 

action of the prism, which narrows and as it were condenses the colored 

spaces more and more as we pass toward the red, increasing the intensity 

of the light as it does that of the heat; 2d, that in the grating or dif- 

fraction spectrum the luminous intensity is equal in all the visible regions, 

all the colors being simultaneously obliterated by an extinguishing light. 

The distribution of heat is therefore that of light.—(Am. J. Sci., II, 
xvili, 30, July, 1879.) 

Cornu has contrived a spectroscope intended especially for the study 

of the ultra violetrays. The object-glass alike of the collimator and the 

observing telescope is an achromatic lens, consisting of a double convex 

lens of quartz and a plano-concave lens of cale-spar, both cut perpen- 

dicular to the optic axis. This combination is especially useful for the 

ultra violet rays, allowing all the rays to pass that reach us through 

our atmosphere, and being almost absolutely achromatic for them; so 

that the adjustment required for different parts of the spectrum is 

almost nothing. The prism used may be of cale spar, though it absorbs 

rays of the highest refrangibility; or of quartz, though if the axis is 

parallel to the optic axis, the double refraction interferes. This is obvi- 

ated by using a prism made of two halves of contrary rotation, the 

interior face being perpendicular to the axis. To obtain a double dis- 

persion, the two prisms of quartz have their bisecting planes perpen- 

dicular to the optic axis, but having opposite rotatory power.—(J. Phys., 
viii, 85, June, 1879.) 

Lamansky has proposed a special form of spectroscope for studying 

fluorescent liquids. Ordinarily a glass plate has intervened between 

the liquid and the spectrum made to enter it. Hagenbach places the 
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slit and the prism-axis horizontally and projects the spectrum on the free 

surface of the liquid. The author’s spectroscope consists of a graduated 

eircle carrying the collimator and telescope, and movable to any angle 

in the vertical plane. A mirror sends the light into the collimator, 

beyond the lens of which and in the same tube is a direct-vision prism. 

The spectrum is thrown on the surface of the liquid contained in a small 

vessel on a movable table attached to the stand. It passes from it into 

the observing telescope, whose focal distance is shortened by a second 

object-glass removable at will. The circle is divided for the purpose of 

measuring the angles of incidence and emergence.—(J. Phys., vill, 411, 

December, 1879; Natwre, xxi, 267, January, 1880.) 

Liveing and Dewar have studied the conditions of reversal of the lines 

of metallic vapors. They used at first a tube, the closed extremity of 

which was heated to incandescence in a furnace. The metal contained in 

the tube volatilizes; the light given by the bottom of the tube and by 

its walls gives alone a continuous spectrum; but before reaching the 

spectroscope it traverses the vapor. In the early experiments an iron 

tube 15°" in diameter and 80° long was used, protected externally by a 

glaze. It was heated for 30°", the upper extremity of the tube being 

open and covered with a plate of mica or glass. A slow current of hydro- 

geu prevented the vapors in the upper end of the tube from oxidizing. 

The collimator of the spectroscope had its axis in line with that of the 

tube. In this way the green thallium line, the blue indium line, the 

lines b, and some blue lines of magnesium were reversed. The tempera- 

ture not being sufficiently high, the authors next used a block of lime, 

having a hole bored in its axis, 6 or 7™™ diameter, into the lower end 

of which a lateral hole opened for the insertion of an oxyhydrogen jet. 

Or two lateral holes may be bored opposite to one another and the two 

carbons of a voltaic are introduced. Similar crucibles of carbon were 

also used. By means of a mirror placed over the opening the light was 

reflected to the spectroscope. In this way the reversal was accom- 

plished of 13 of the 31 lines of potassium, of 4 of the 12 of sodium, of 6 

out of 21 of barium, of 10 out of 34 of strontium, and of 11 out of 37 of 

calcium. Beside these, 4 lines of lithium, 1 of cesium, 5 of magnes- 

jum, and 2 of aluminum were also reversed.—(J. Phys., viii, 335, 

November, 1879. From Proc. Roy. Soc., xxvii, 132, 350, 494, 1878; 
Xxviii, 352, 367, 471, 1880.) 

Peirce has called attention to the fact that a line in the diffraction spee- 

trum (whether light or dark) must be shifted from its normal position 

in case another line falls very near it. Neighboring lines must be at- 

tracted if both are bright or both dark, and repelled if one is bright and 

the other dark. The reason assigned is that the lines are only maxima 

or minima of light, and the differential coefficient of the sum does not 

vanish at the same points as the differential coefficients of the separate 

terms. The shifting will be the greatest in the case of a faint line near 
a very intense one. The author has succeeded in shifting the position 
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of lines by measurable amounts—one or two seconds.—(Nature, xxi, 
108, December, 1879.) . 

Kundt has observed the phenomenon of anomalous dispersion in 

sodium vapor. In preparing to reverse the sodium line for a lecture 

experiment, he perceived that when the sodium vapor was very dense 

and the dark line very broad a peculiar bend outward appeared at the 

ends and on opposite sides of the line. The cone of sodium vapor in 

the Bunsen flame acts asa prism with its refracting edge horizontal 

and turned upward. If glowing sodium vapor give dispersion, this 

cone should give, with horizontal rays passing through it, a vertical 

spectrum, and if the rays have also passed through a glass prism with 

a horizontal refracting angle, a spectrum of the form above described 

should be obtained. From the position the refractive index of the 

vapor is greatest for those rays which are most deflected downward. 

The refractive index increases as the band is approached from the red 

side, is less on the green side, and then rapidly increases again.—( Nature, 

xxii, 302, July, 1880.) 

Schuster has given an account of the spectra of lightning observed 

by him in Colorado during the summer of 1878. He used a direct-vision 
spectroscope furnished with a slit capable of micrometrie movement. 

A bright line in the focal plane served as a reference mark. The ob- 

servations were limited to the yellow and the green regions from wave- 

lengths 5009 to 5800. In making a measurement, the slit was dis- 
placed until the line to be measured was coincident with the reference 

line. The next morning its position was determined by reference to the 

solar spectrum. A continuous spectrum was seen many times. Bright 

nitrogen lines were often seen, those of wave-lengths 5002 and 5681 

especially. Three bands of wave-lengths, 5592, 5334, 5182, were noted, 

and a fourth about 5260. Of these, 5182 belongs to nitrogen, and 5592 

and 5260 are characteristic of the oxygen discharge at the negative 

electrode. The band 5354 is the most brilliant of the two green bands 

of the spectrum of oxygen taken at a low temperature.—( Phil. Mag., 

V, vii, 316, 1879; J. Phys., viii, 275, August, 1879.) 

Russell and Lapraik have discovered that many liquids, ordinarily as- 

sumed to be colorless, give absorption bands when light passes through 

them on its way to the spectroscope. The phenomenon was first noticed 

with alcohol; and then it was perceived that water contained in a tube 

6 feet long gave a very distinct absorption band in the orange, corre- 

sponding very closely with Piazzi Smyth’s rain band and with the band 

seen by Janssen in 530 feet of steam. No variations in this band were 

observed by varying the source of supply, the temperature, or the sub- 

stances held in solution. Other colorless liquids also gave bands. Am- 

- monia gave four bands; ethylamine also four, but different in character; 

hydrogen peroxide, one; ethyl alcohol, one; amyl alcohol one; aldehyde 

and acetic acid, each, one; benzene and toluene, three each; aniline and 
toluidine, each, three; turpentine, two. These results are regarded as. 
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preliminary, and will have further investigation.—(Nature, xxii, 368, 

August, 1880.) 

Rood has compared the color of the spectrum to which Newton gave 

the name “indigo” with the actual color of indigo itself, and finds it to be 

a representative of an entirely different region of the spectrum. He 

shows: Ist, that the color of indigo is really a greenish blue when it is 

used as a pigment or in solution; 2d, that the color of the dry cake is 

not only very. black, but is variable according to the mode in which it 

is handled. He concludes, therefore, that, taking all this into considera- 

tion, it would appear desirable to allow the term “indigo” to fall into dis- 

use, and tosubstitute for it‘ ultramarine,” the color of the artificial variety 

being intended.—(Am. J. Sci., ILI, xix, 135, February, 1880.) 

Lord Rayleigh showed to the Physical Society of London a curious 

experiment in color combination, by mixing a blue solution of litmus 

with a red solution of potassium dichromate, and thereby producing a 

yellow solution. In a similar way, a colorless liquid may be obtained 

from a green solution of cuprous chloride in water and a red solution of 

rosaniline acetate in amyl alcohol. When both are placed in a bottle, 

the crimson solution floats on the green solution; but on agitating them, 

both colors disappear, the mixture becoming grayish-white.—(Nature, 

xxii, 153, June, 1880.) 
Rood has presented to the National Academy a paper on memory for 

color and luminosity, in which he gives the results of some interesting 

experiments made to test the prevailing notion that we do not retain 

for ten seconds an exact memory of a given shade or tint. The appara- 

tus used consisted of two disks so arranged that either could be made 

to overlap the other in any required proportion. These disks were of 

different colors, which blended into a given tint when they were rapidly 

revolved, a tint the percentage of whose components was known. Sup- 

pose in one case this was 43 parts of yellow and 57 of red. After look- 

ing at the revolving disk, an assistant disarranged the two and then 

proceeded to reproduce the tint, Rood himself deciding when it was 

reached. The reproduced color had 42.6 per cent. of yellow—a mean of 

many trials, when the time of the entire experiment was not over a 

minute. The error here was not over one-half of one per cent. When 

an hour elapsed, the error was 2.2 per cent. Twenty-four hours after- 
ward the error in reproducing the color was 4.5 per cent. The same 

experiments tried by the assistant gave equally good results, as did also 

similar experiments tried with other color mixtures.—(Nature, xxi, 144, 
December, 1879.) 

3. Interference and Polarization. 

Guebhard has devised a simple method of producing the phenomena 

of Newton’s rings in a permanent form. While the rings obtained are 

due to interference and give the colors of thin plates, they differ from 

Newton’s rings proper in having the phenomena inverted, the greatest 
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thickness of the film being at the center. To produce the rings a little 

collodion is dropped on a surface of mercury. It is drawn out on all 

sides into a thin iridescent film, which when hard may be floated off on 
to paper. Mastic varnish on the surface of water gives similar films. 

Drops of volatile mineral oil on mercury, or even the film of moisture 

condensed from the breath, give rings which of course are transient. 

At a meeting of the Physical Society of Paris, Guebhard projected these 

films on the sereen; and showed that even the films condensed from the 

breath may exhibit phoneidoscopic properties. The various vowels 

being pronounced so that the breath impinges on the surface of the 

cooled mercury, rings are obtained having certain forms more or less 

strongly characteristic of their different qualities of tone.—( Nature, xxi, 

242, January, 1880.) 

Michelson has communicated to the New York Academy of Sciences 

some interesting observations upon the diffraction and polarization 

etfects produced by passing light through a narrow slit. If a fine ad- 

justable slit be narrowed down very greatly, the colored diffraction 

fringes widen out until when the width of the slitis reduced to less than 

one fiftieth of a millimeter the central space only is seen, and appears 

of a faint bluish tint. Moreover the light so transmitted exhibits traces 

of polarization when regarded through a Nicol prism. As the slit is 

narrowed, the depth of the tint and the amount of polarization increase, 

“until when the opening is only one-thousandth of a millimeter the color 

becomes of a deep violet and the light is completely polarized. Slits of 

obsidian give the best results, because finer edges can be worked on it. 

The plane of polarization is at right angles to the length of the slit.— 

(Nature, xxii, 133, June, 1880.) 

Crova has published a note on the two forms of polarizing prisms, 

those of Nicol and of Foucault. In the former the two halves are 

cemented by Canada balsam; in the latter they are separated by a layer 

of air. In both cases the bases are oblique to the axis of the prism and 

this occasions a considerable loss of light both at entrance and emer- 
gence; to which, in the Foucault prism, must be added that lost by the 

internal reflections. Both Hoffmann and Duboseq constructed Foucault 

prisms with faces normal to the axis, but the loss of light internally re- 

mained. Prazmowski has made a polarizing prism which is like a Nicol, 

except that the halves are cemented with linseed oil, the faces being 
normal. More spar is required and the manufacture is long and difficult. 

Almost no loss of light, however, takes place internally, the index of the 
oil being 1.485, very near to the extraordinary index of spar, 1.483. 
The field is increased to 31°, against 21° in the Nicol and 8° in the 
Foucault. For photometric purposes especially, Crova regards this 

new prism of great advantage.—(J. Phys., ix, 152, May, 1880.) 

Govi has illustrated the laws of circular polarization by an exceed- 

ingly beautiful projection experiment, founded on the well-known fact 

that the spectrum obtained of the colors produced by the interference 
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of polarized light contains one or more dark bands, corresponding to 

the colors extinguished by the interference. If the depolarizing plate 

be of quartz, the bands are moved along the spectrum to the right or 

left by rotating the analyzer. Govi’s device consists in rotating the 

analyzer and the direct-vision prism together at the same velocity. A 

circular spectrum is thus produced, red at the center and violet on the 

edges, or the reverse. As the dark quartz band moves along the spec- 

trum by an amount proportional to the rotation angle, interference will 

take place along this cireular spectrum along points which form, geomet- 

rically, a spiral of Archimedes, which persistence of vision makes per- 

manent. Thicker quartz gives two, three. or more interlacing spirals, 

forming a very striking optical experiment.—( Nature, xxii, 595, October, 

1880.) 

Klocke has discovered that in its action on polarized light, hyposul- 

phite of lead is anomalous. It ordinarily polarizes circularly, but when 

plates cut perpendicularly to the optic axis, are viewed in a parallel beam 

of polarized light they appear unequally bright, being divided by dark 

bands into six sectors, opposite pairs of which are equally bright. [Even 

in convergent light the usual ring system of uniaxial erystals is not 

seen, but in each sector there appears a figure characteristic of biaxial 

crystals, the plane of the optic axes being perpendicular to the neighbor- 

ing edge of the crystal. It would thus appear that the six portions are 

compressed equally, each in a direction perpendicular to the neighboring 

face of the prism.—( Nature, xxiii, 209, December, 1880.) 

Beequerel has published a memoir on the polarization of the sky. 

He finds that, contrary to the general opinion, the plane of polarization 

for a given point does not generally pass through the sun, but that the 

angle which this plane makes with the plane of the sun (a plane pass- 

ing through the point, the sun, and the eye of the observer) varies from 

minute to minute so that the plane of polarization passes a little below 

the sun, between it and the horizon. If the point be in the northern or 

southern sky this angle is very small in the morning, increases to a max- 

imum from nine to ten o’clock, disappears at noon, increases again to a 

maximum about 2 or ap. m., again diminishing and becoming zero as 
the sun sets. If the point be east or west, coincidence of the two planes 

is not seen, though a minimum is observed about noon. At morning 

and evening the angle attains maxima, reaching even 6°. From these 

phenomena the appearance is as if the plane of polarization suffered a 

direct rotation, viewed by an observer whose head was toward. the north 

and his feet toward the south. Since in a region perpendicular to the 

dipping needle, the rotation is sensibly zero, the author believes that it 

is due to the influence of the earth’s magnetism—an opinion strengthened 

by the fact that he has just measured the amount of rotation of a polar- 

ized-light ray traversing a layer of carbon disulphide, under the influ- 

ence of the earth’s magnetism.—(Ann. Chim. Phys., V., xix, 90, January, 

1880; J. Phys., ix, 51, February, 1880.) 



276 PHYSICS. 

Kerr has extended his electro-optical researches, and by the aid of new 

and improved apparatus has confirmed his early conclusions. The ap- 

paratus ineludes a paraffin-oil lamp; a Nicol with its principal section 

inelined 45° to the horizon; a cell for the liquid so arranged that the 
line of junction of the electrodes is horizontal; a system of compensat- 

ing glass plates which can be submitted to a vertical traction by means 

of known weights; a neutralizing plate of glass of irregular structure, 

to compensate the double refraction of the cell; a hand-compensator ; 

a vertical strip of glass which can be flexed by the hand parallel to the 
axis of the luminous bundle, designed to determine the direction of the 

double refraction produced in the liquid; and an analyzing Nicol in- 

clined at 45° to the horizon and 90° to the principal section of the polar- 

izer. When adjusted the light is completely extinguished and can be 

restored by the hand-compensator. The electric machine is then put 

into action. With carbon disulphide a fraction of a turn suffices to re- 

turn the light, which instantly disappears again on discharging the con- 

ductor. The compensator shows a uniaxial double refraction like that 

of glass submitted to traction parallel to the lines of force. With nitro- 

benzene the light reappears only on drawing a spark from the second 

electrode. In a subsequent paper, Kerr formally enunciates the fol- 

lowing law: ‘The intensity of electro-optic action of a given dielectric 

(or the difference of retardations of the ordinary and extraordinary rays) 

per unit of thickness of the dielectric varies directly as the square of 

the resultant electric force.” On the question of stress he says: ‘The 

dioptric action of an electrically charged medium is closely related to 

the electric stress of the medium, the axis of double refraction coincid- 
ing in every case with the line of electric tension and the double refrac- 

tion varying, certainly in CS,, and probably in all other dielectrics 

directly and simply as the intensity of the tension.”—(Phil. Mag. V., viii, 

85, 1879; ix, 157, 1880; J. Phys., viii, 414; ix, 255, 1880.) 

ELECTRICITY. 

1. Magnetism. 

Carré has introduced into Paris the manufacture of magnets of su- 

perior quality made of cast iron. His process is as follows: A soft and 

very slightly carburetted metal is melted in earthen crucibles, and just 

before running it into the moulds 10 or 15 per cent. of steel filings are 

added. In order to produce a metal which Will stand tempering at a 

cherry-red heat, there is added either 1 to 1.5 per cent. of nickel, with 

0.25 per cent. of copper, or 2 per cent. of tin and 0.5 per cent. of copper. 

—(Nature, xxi, 359, February, 1880.) 

Obalski has described to the Academy a very neat magnetic experi- 

ment. Two magnetic needles are hung vertically by fine threads, their 

unlike poles being opposite one another. Below them is a vessel con- 

taining water, its surface not quite touching the needles, which are 
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hung so far apart as not to move toward one another. If the level of 

the water be now quietly raised by letting a further quantity flow in 

from below, as soon as the water covers the lower ends of the needles 
they begin to approach, and when they are nearly immersed they rush 

together. The effect appears to be due to the fact that when the grav- 

itation foree downward is partly counteracted by the upward hydro- 

static force due to immersion, the magnetic force is able to assert itself, 

being greater.—( Nature, xxii, 133, June, 1880.) 

Mayer has contrived ail ingenious magnetic experiment to illustrate 

molecular groupings and molecular actions. Sewing needles are mag- 
netized all in the same direction. They are then pushed through small 

pieces of cork up to the eye. On placing them in water they float ver- 

tically, with the point downward. Since the similar poles are upward, 

they repel each other. These needles represent molecules; their mag- 

netism the repulsive force. To obtain an attractive force, a bar magnet 

is held vertically over the water, so that the pole of contrary name to the 

tops of the needles shall be downward. The needles are attracted and 

approach each other, producing groupings which depend on the number 

of the needles, their initial position, and the impulses given. Twenty- 

three of these groupings are represented in the paper, the most com- 

plex figures being formed of twenty needles; though the author has 

formed much more complex ones, more than fifty needles having been 

grouped in one of his figures. The author employs these groupings to 

illustrate many of the laws of both molecular and atomic arrangement. 

When projected by means of a vertical lantern they are very striking. 

—(Am. J. Ser., III, xv, 276; xvi, 247; J. Phys., viii, 32, January, 1879.) 
Barker has communicated to the National Academy the results of some 

experiments made to test the alleged incorrectness of Arago’s explana- 

tion of the magnetism of a wire through which a current is passing, 7. ¢., 

that the wire is itself magnetic. Bache had explained the result by 

supposing the iron filings, held by the wire in Arago’s experiment, be- 

came themselves magnets under the influence of the current, and so 

became attached to each other rather than to the wire. In proof of this 

he says that if a card be scraped along on the top of the wire the ring 

of filings is broken and the whole mass falls. Barker used in his 

experiments a quantity magneto-machine made by Wallace, the current 

from which was capable of heating three feet of quarter-inch gas pipe 

to bright redness in a minute. When this current was passed through 

a copper Wire, a 5-inch iron spike held close under the wire was mark- 

edly attracted by it; and when placed in contact with the lower side of 

the wire, adhered readily magnetically, placing itself with its axis per- 

pendicular to that of the wire. This result was the same when the con- 

ducting wire was red hot. In a second experiment the wire passed 

through a hole in a large sheet of glass. When this glass was sprinkled 

with iron filings concentric magnetic curves, complete and partial, were 

formed round the wire for a distance of 20 inches. These experiments 
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seemed conclusive that the copper wire really was itself a magnet in 

this case.—(Nature, xxi, 145, December, 1879.) 

Lemstrém has described to the Physical Society of St. Petersburg 
an experiment of great apparent significance. He finds that a ring of 

insulating material, when rotating about its axis of symmetry with a 

high velocity, acts like a galvanic circuit and produces a magnetic field 

in the space within it. He explains it by supposing that the ether in the 

insulator, being dragged along by the ring, produces vortical motion of 

the ether in the central space, which vortical motion be conceives to be 

the essential condition of a magnetic field. On this experiment the 

author founds his theory of terrestrial magnetism. Since rotating an 

iron bar within an insulating medium ought to magnetize the bar, the 

earth being a magnetic body rotating in an insulating medium ought to 

be magnetized by its rotation.—( Nature, xxii, 89, May, 1580.) 

Piazzoli has studied the influence of magnetism on the tenacity of 

iron. Wires were hung between two hooks and ruptured by pouring 

water into a vessel suspended from them. These wires were 35°™ long, 
and were inclosed in a helix of four layers of wire. The current 

was made to traverse these layers all in one direction, or two in one 
direction and two in the opposite, the effect of heating being thus elimi- 

nated. The wires annealed in charcoal broke at 1260 to 1306 with, and 
1213 to 1270 without magnetization. Wires annealed in carbonous oxide 

1732.4 to 1742.7 with, and 1703.62 to 1719.87 without the current. 

Those annealed in hydrogen, 1289.5 to 1310.1 with, and 1263 to 1299.7 
without the magnetism. The values are about from 1 to 3 per cent. 

greater fur the magnetized than for the unmagnetized wires, showing 

that the tenacity of iron increases on magnetization.—(Nature, xxii, 89, 
May, 1880.) 

Righi has sought to harmonize the discordant results as to the changes 

in the length of iron bars when magnetized. By means of a mirror 

method which magnified the elongation 8,000 times, he ascertained tha 

(1) magnetism produces an increase in iron and steel in the dimension 

of the direction of magnetization; (2) a part of this increase remains 
after the current ceases, being more or less according to the coercive 

force; (3) when the current is not very strong, the elongations are pro- 

portional to the square of the current strength; (4) after a strong current 
has been sent through the spiral, a weak current sent in the opposite 

direction produces a shortening, though the bar, even when demagnetized 

by it, remains longer than normal; (5) during reversal of polarity the 

length becomes momentarily less, the effect being oscillatory; (6) a bar 

shortens at the instant of closing the circuit, when the current traverses it 
directly; (7) it elongates on opening, but by a less amount; (8) on rever- 

sal, the bar elongates and oscillates; (9) the contraction is greater if 

the bar has been longitudinally magnetized previously ; and (10) some 
bars show a tendency to take spiral magnetization, 4. ¢., to rotate the 
magnetic axes of their molecules in the direction of the turns of the 
helix.—( Nature, xxii, 543, October, 1880.) 
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Becquerel has published an extended memoir on the magnetie prop- 

erties of nickel and cobalt compared with those of iron, using the oscil- 

lation method, the differential method, and the electromagnetie-balance 

method, for comparison, confining himself to the magnetism developed 

by induction, and not the magnetism which remains permanent. The 
author’s most important conclusion is that for very feeble intensities, 

under conditions very far from saturation, or with substances in which 
the magnetic particles are sufficiently removed, so as not to react the 
one upon the other, the effects developed in the molecules of nickel and 
of iron at the ordinary temperature appear to lie very near each other.— 

(Ann. Chim. Phys., V, xvi, 227, February, 1879.) 
_ Hodges has contrived a new instrument for determining the inclination 

of the needle, founded on the fact that the magnetic polarity of a bar 

of soft iron is greatest when the bar lies in the line of the dip. In place 

of a single bar, however, the author uses two, joined to each other at 

right angles. When the two branches make equal angles with the line 

of dip, the ends next the junction are of opposite polarity ; and if similar, 

will neutralize one another so that a needle suspended near them will 

remain unaffected. The results on trial were very accordant under dif- 

ferent conditions.—(Am. J. Sez, II, xvii, 145, February, 1879.) 

Rowland and Jacques have determined the diamagnetic contents of 

bismuth and cale-spar in absolute measure, the former contributing the 

theory, and the latter making the measurements. These latter consisted 

of two: Ist, the determination in absolute measure of the magnetic 
potential of the field used; and, 2d, the determination of the time of 
vibration and the other constants of the little bars of the substances when 

suspended in this field. The diamagnetic constant of bismuth along the 

axis was found to be —.000000012554; and for cale-spar —.000000037930, 
in absolute measure.—(Am. J. Sci., II, xviii, 360, November, 1879.) 

2. Electromotors. 

Hoorweg has investigated the conditions of the production of elee- 

tricity in the voltaic cell, and has advanced a thermic theory of its origin. 

The following are his conclusions: Ist. Wherever two conductors are in 

contact, the heat movement has the production of electricity as a conse- 

quence; hence a constant electric difference exists between the bodies. 
2d. Whenever the sum of the differences of potential existing in a cir- 

cuitis different from zero,a permanent current is produced. 3d. This cur- 

rentabsorbs heat at certain of the points of contact and evolves it at others. 

4th. All voltaic currents are thermo-eurrents. 5th. All chemical actions 

in the cell and in apparatus for electrolytic decomposition are a conse- 

quence of the passage of the current.—(Ann. Phys. Chem., U, ix, 552, 1880; 
J. Phys., ix, 352, October, 1880.) 

Varenne has studied the phenomenon of the passivity of iron in nitric 

acid as when employed as the positive plate of a Grove battery or the 

positive electrode of a voltameter cell containing nitric acid. He con- 
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cludes that this peculiar effect is due to a film of nitrogen dioxide which 

collects upon the surface of the iron and protects it from further chemi- 
eal action. This film, he asserts, is apparent when the surface of the 

iron is examined under the microscope. If a current of carbon dioxide 

or of hydrogen gasis passed through the liquid the passivity ceases and 

the iron is dissolved. Moreover, on placing the iron plate in vacuo 

nitrogen dioxide is evolved from it.—(Nature, xxi, 117, December, 1879.) 

Pellat has examined the standard cell proposed by Latimer Clark, 

and finds that it is not entirely free from variations in its electromotive 

force. According to his observations two of these cells may differ from 

each other by a quantity equal to the one-hundredth of the electromotive 

force of a Daniell cell. The method employed was to couple up the two 

cells in opposition to one another, and then by means of an electrometer 

to measure the residual difference of potential—(Nature, xxi, 117, De- 

cember, 1879.) 
Debrun has constructed an ingenious capillary electromotor, based 

on the theorem established by Lippmann, that if a mercury surface be 

deformed by mechanical means there is produced an evolution of elec- 
tricity which tends to arrest the motion of the mercury. Through a 

capillary tube mereury is caused to run drop by drop, acidulated water 

being introduced, by means of a reservoir at the top, between each glob- 

ule. Wires are connected with the masses of mercury at the upper and 

lower ends of the tube, and a current is observed to flow on closing 
these in the direction in which the globules move. The tube actually 

used was 2.5™" in diameter at top and 1™™ at bottom, 30 long, con- 

taining not less than 20 nor more than 35 globules. The electromotive 

force under these circumstances is 1.4 volts, so that with Wollaston’s 
points it can decompose water. The energy, however, is not very great, 

since it is produced by the fall of only two kilograms of mercury per 

hour through only 25°". In allowing the mercury to run for twenty- 

four hours sufficient current was developed to silver strongly a five- 

centime piece. The internal resistance of a column of acidulated water 

1™™ in diameter and 30°" long being so considerable, a high-resistance 

galvanometer should be used to test the currents produced by this in- 

strument.—(J. Phys., ix, 28, January, 1880.) 
Barrett has communicated to the Physical Society of London the fact 

that the motion of a chalk cylinder under a metallic surface generates 

an electric current, having an electromotive force of rather over one- 

third of a volt. The strength of the current depends on the rapidity of 

the rotation and the pressure on the chalk surface; the latter only 

diminishing the very high internal resistance. The discovery, he says, 

resulted from a suggestion made to him four or five months before, to 

try whether Edison’s motograph telephone receiver could be used as a 

transmitter. Then his experiments were not successful, but now he 
finds that the voice is faintly but accurately transmitted on speaking 

into the receiver while the chalk is made to rotate. But Edison had 
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himself published the same fact in the Scientific American one or two years 

before, and had given a figure of several of these chalk cylinders con- 

nected in series for the purpose of producing a current of high poten- 

tial— (Nature, xxi, 417, March, 1880.) 

Blyth has communicated to the Royal Society of Edinburgh the gen- 

eral fact that electric currents are produced by the mere friction between 

conducting substances. Since for all pairs of metals yet tried these 

currents are in the same direction as the thermo-current produced by 

heating the junction of the same two metals, the author thinks that they 

may have in part a thermo-electric origin; but another part may be due 

to the currents suggested by Sir William Thomson as the cause of frie 

tion, and still a third part to the force of contact between films of air or 

oxide on the surfaces. One of the, motors constructed consists of a 

cylinder of antimony arranged so as to be rapidly rotated, and a plate 

of bismuth which is pressed hard against it by a spring. When included 

in the circuit with a microphone and a Bell telephone, the current from 

it is quite sufficient to serve for the transmission of musical sounds and 

loud speaking. By using a cylinder of bismuth on which a bent sew- 

ing needle presses as it rotates, a very good receiver is also produced. 

The author ascribes the result to a heat change, analogous somewhat to 

that observed in the Trevelyan rocker.—(Nature, xxii, 330, August, 

1880.) 

Heraud has proposed a new voltaic cell, the negative plate of which 

is zine immersed in a concentrated solution of ammonium chloride, while 

the positive consists of a plate of carbon surrounded by fragments of 

carbon mixed with about an equal weight of mercurous chloride (calo- 

mel) in powder. In action the mercurous chloride loses chlorine, and is 

reduced to metallic mercury; the zine acts on the ammonium chloride, 

producing zine chloride and ammonia; and the ammonia water ‘and 

chlorine unite again to reproduce the ammonium chloride. It is claimed 

that this battery does not polarize, and can be used on a closed circuit. 

Its electromotive force is not far from that of a Daniell cell—(Ann. Chim. 

Phys., V, xvii, 512, August, 1879.) 
Niaudet has constructed a voltaic cell, the plates of which are also 

zine and carbon; but the former is immersed in a solution of common 

salt and the carbon in a porous cup containing commercial chloride of 

lime (a mixture of chloride, oxide, and hypochlorite of calcium). Under 

the action of the polarizing hydrogen, the hypochlorite is decomposed 

into hydrochloric acid, which forms calcium chloride with the lime pres- 

ent, and water; so that the salts produced by the battery when in action 

are zine chloride and calcium chloride. Since both are extremely solu- 

ble, the liquid preserves its limpidity, and no insoluble salt is formed. 

The electromotive force of this battery is 1.6 volts. It polarizes only 

when closed on short circuit, from which it recovers rapidly. Its chief 

merit is that, like the Leclanché cell, the zine is not acted on until the 

circuit is closed. To prevent escape of odors, the opening in the porous 

cell is closed with a waxed cork.—(J. Phys., ix, 18, January, 1880.) 
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Niaudet has given an illustrated description of the Noé thermopiles 

constructed by Hauck, of Vienna, and exhibited in Paris. The elements 

used are German silver, employed in the form of wire, four from each 

junction, and an antimony alloy cast in a mould. Each pair has an 

electromotive force equal to 0.1 Daniell cell, for a temperature at which 

the ends are below redness. It resistance is 0.1 of a Siemens unit per 

element.—(J. Phys., viii, 230, July, 1879.) 
D’Arsonval has suggested an improvement in Plante’s secondary 

batteries, which, as is well known, consist of two sheets of lead im- 
mersed in dilute sulphuric acid. The action is limited at the cathode 

by the hydrogen bubbles which form there, and at the anode by the 

low conductivity of the lead peroxide film which forms over its surface. 

The first of these difficulties d’Arsonval obviates by electrolyzing a 

salt of zine instead of a dilute acid. The second he avoids by increas- 

ing the surface of the anode, employing for this purpose shot heaped 

about a carbon plate. The liquid employed is a strong solution of zine 

sulphate. While charging, zinc is deposited upon the surface of a lead 

plate, or, better, upon a free surface of mercury amalgam, sulphuric acid 

being produced at the same time. Its electromotive force is claimed to 

be 2.1 volts.—( Nature, xxi, 409, February, 1580.) 

Breguet has published a memoir upon the theory of the Gramme 

machine, and on the cause of the dissymetric position of its brushes. 

The following are his conclusions: 1st. The theory of the Gramme and 

von Alteneck machines is directly connected with that of Barlow’s wheel 

and Faraday’s machine, and these latter machines rest on the first 

principle established by Ampere, 7. e., a movable current tends to place 

itself in such a position that the observer who personifies it sees the 

south pole on his left and the north pole on his right hand. 2d. The 

soft iron armature of the von Alteneck machine serves only to re-en- 

force the magnetic field in the region where the wires of the movable 

circuit revolve. 3d. The annular armature of soft iron of the Gramme 

machine has the same influence as the preceding armature, but this is 

not its characteristic function. This function consists in shielding the 

internal wires of the bobbin spires from the normal actfon of the lines 

of force of the field. 4th. The angular displacement of the brushes of 

the preceding machines cannot be attributed to the retardation of the de- 

magnetization of the soft iron ring alone, since this displacement still 

exists and may even become still more considerable in those forms de- 

rived from these machines where there is no soft iron armature.—(Ann. 

Chim. Phys., V, xvi, 5, January, 1879.) 

3. Electrical measurements. 

Pellat has devised a method for measuring electromotive force which 
may be applied to a battery or may be used to determine the difference 

of potential between two metals in contact. The principle consists in 

opposing to the cell to be measured an electromotive force variable at 
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will continuously and by amounts exactly known by a simple reading, 

until the compensation is exact. The instrument resembles that of Du 

Bois Reymond, but it uses a capillary electrometer in place of a galva- 

nometer, and thus, while more delicate and more rapid, polarization is 
completely avoided. Moreover, the sensitiveness of the method is inde- 

pendent of the resistance of the cell, batteries of 10,000,000 ohms resist- 
ance being measured with ease. Tor weak electromotive forces, the 
delicacy is one ten-thousandth of a Daniell cell; for stronger ones, to one 

two-thousandth of a Latimer-Clark cell. The applications of the method 

to determine the contact-potential are very ingenious.—(J. Phys.,ix, 145, 
May, 1880.) 

Debrun has made a useful modification of Lippmann’s capillary elec- 

trometer. In the original instrument, in a tube a millimeter in diameter, 

the mercury level changed only 3™™ for a difference of potential of one 

volt, and to measure small fractions Lippmann used a microscope. In 

the new instrument this delicacy is secured by making the tube inclined 

to the vertical, the effect increasing with the angle. A glass tube 

7=™ in diameter is drawn out so as to give a capillary tube slightly con- 

ical, and a good millimeter in diameter and 20™ long. This is bent into 

a Z-form, the connecting portion being placed horizontally, but fastened 

to a movable board, so that its inclination may be adjusted. The ends 

of the tube open into reservoirs. It is filled with mereury and acid- 

ulated water, as usual, the end of the mercury column being adjusted to 

occupy three-quarters of the horizontal part. Electrical connections are 

made with the mercury in each of the reservoirs. The calibration is 

effected by using a battery of known potential, increasing the cells.—(J. 

Phys., ix, 160, May, 1880.) 

NiemOller has found the telephone capable of determining very quickly 

and accurately the resistance of liquids. It is substituted for the gal- 

vanometer in a Wheatstone’s bridge, and an induction current is used. 

If the resistances to be compared are a large liquid resistance and a 

Siemens resistance box, so that the electrodynamic constants are very 

small; and if also a German-silver or platinum wire be used as measur- 
ing wire, it is found. that in the position where the galvanometer shows 

no deflection, the tone in the telephone has a well-marked minimum of 

intensity. In a liquid resistance of 2,000 units a variation of even four 

units may be detected readily.—(Nature, xxi, 309, January, 1880.) 

Trowbridge has studied the conditions which cause the ticking of the 

time-clock of Harvard College Observatory, transmitted electrically by 

wire from Cambridge to Boston, to be heard on all the telephone cir- 

cuits in the neighborhood of the line. He shows from theoretical con- 

siderations that the usual explanation of induction between the wires 

is erroneous, and that the effects observed on telephonic circuits, which 
have usually been attributed to induction, are really due to the earth 

connections and to imperfect insulation. As the result, then, is due to 

the fact that the wires on which the sound is heard obtain their current 
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by tapping the ground at places of different potential, the author made 

experiments to determine the equipotential surfaces formed by the 

ground of the time signal-service. By running a wire 500 or 6090 feet, 

placing its terminals in moist earth, and including a telephone in the 

circuit, the ticking of the clock could be readily heard in a field an 
eighth of a mile distant from the observatory ; and at one point a mile 
distant the ticking was heard with only 50 feet of wire. Behind the 

observatory no result was had, though at no point were earth currents 

absent. ‘‘Theoretically,” the author concludes, ‘it is possible to day 

to telegraph across the Atlantic Ocean without a cable”; ‘ practically 

the expenditure of energy on the dynamo-electric engines would seem 

to be enormous.”—(Am. J. Sci., ITI, xx, 138, August, 1880.) 

Hill has devised an electro-dynamometer for use especially with strong 

currents, which in general is similar to Trowbridge’s instrument, but 

differs from it in the manner of determining the deflective power of the 

current. To the suspended coil a pointer-rod is attached, on opposite 

sides of which silk threads are fastened, which lead over pulleys on the 

side bars to small pans, one on each side of the instrument. When the 

deflection has taken place weights are added to the pan on the opposite 

side until the. pointer-rod returns to zero. In the instrument as con- 

structed a current of 20 webers required about half a gram weight, and 

one of 100 webers a weight of 13.2 grams. The instrument works well 

and gives uniform results.—(Am. J. Sci., xix, 10, January, 1880.) 

Hughes has devised an apparatus, which he calls an induction balance, 

for comparing induced currents. It consists (1) of a battery of three 

Daniell cells, the current of which traverses a microphone with an at- 

tached clock for producing the sounds; (2) of the balance proper; (3) of 

an electric sonometer; and (4) of a receiving telephone. The balance 

itself is formed of four equal coils, a decimeter in height, 5.5™ external 

diameter, with a space of 3°" internally, each covered with 100 meters of 

No. 32 covered copper wire. The four coils form two groups placed be- 

yond each other’s influence. At each end, therefore, there are two 
coils, one inducing, the other receiving the induction, placed end to 

end, and about 5™™ apart. The electric sonometer is formed of two sim- 

jlar inducing bobbins fixed at the ends of a horizontal rule 40™ long, 

divided into millimeters. Along this rule moves a receiving coil. The 

electric current from the microphone reaches a commutator which directs 

it into the balance or into the sonometer, where it traverses the indue- 
ing coils. The telephone circuit passes through the receiving coils, first 

the two on the balance, in opposite directions, and then that on the 
sonometer. No sound is heard in the telephone if the receiving coil in 
the latter case be equidistant from the inducing ones. Nosound is heard 
in the balance coils if they are empty; but if a fragment of metal be 

placed between them, a sound is heard louder according to the character 

of the metal. The current is passed alternately into the balance and 
the sonometer, and the coil of the latter is displaced until the sounds 
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have the same intensity in each. The action of the metal is then indi- 
cated on the graduation of the sonometer.—(Phil. Mag., V, viii, 50, 551, 
504, 1879; ix, 123, 1880; J. Phys., viii, 353, 1879; ix, 376, 389, 393, 1880; 
Ann. Chim. Phys., V, xix, 561, April, 1880.) 

4, EHlectric spark and light. 

Spottiswoode has experimented on the use of the alternating current 
of a De Meritens magneto-electric machine for exciting the induction 
coil. He used a coil giving a 50™ spark, the reversals being 1,300 per 
minute; no interrupter was therefore needed. Under these conditions 
sparks were obtained only 18 long, but they were as thick as an or- 
dinary pencil. They showed a brilliant point at each extremity of a 
tongue of yellow flame. When the current passed freely no spark 
proper appeared; but by blowing on one side, brilliant sparks may be 
made to pass.—(Phil. Mag., V, viii, 390; J. Phys., ix, 37,1880; Nature, 
xxi, 433, March, 1880.) 

Farmer has called attention to the fact, as a contribution to the his- 
tory of electric lighting by inecandescence, that in July, 1859, his house 
in Salem was lighted every evening by a subdivided electric light. A 
galvanic battery of three dozen six-gallon jars in the cellar furnished 
the electric current. On the mantel in the parlor were two electric 
lamps, either of which could be lighted at pleasure or both at once by 
simply turning a little button. The light was soft, mild, agreeable: to 
the eye, and more delightful to read or sew by than any light ever seen 
before. It was discontinued on account of theexpense. On the cost of 
electric light as compared with gas Farmer says: “On the average one 
pound of illuminating gas will, if burned in an hour in five different 
burners, give fifteen candle lights to each burner, or seventy-five can- 
dle lights in all. One pound of illuminating gas possesses a sufficient 
store of energy to enable it to give out by combustion from 18,000 to 
21,000 units of heat, or the equivalent of from 13,000,000 to 16,000,000 
foot-pounds of work. This, if burned in an hour, would average from 
200,000 to 260,000 units of work per minute, or say from 3,000 to 3,500 
foot-pounds per minute per candle light. Now a very large electric 
light, say ten thousand candles, does not consume more than 15 or 
20 foot-pounds of energy per minute per candle light. So it might not 
seem very extravagant to expect that one pound of gas per hour could 
be burned in a suitable furnace under a proper boiler, and steam be taken 
from this boiler to a steam-engine, and this engine drive a magneto- 
electric machine which should supply electricity to five electric lamps 
that would shed forth more light than could be given by five of the best 
gas lamps known, each lamp consuming at the rate of one-fifth of a 
pound of the best illuminating gas per hour.”—(Am. J. Sci., II, xvii, 
65, January, 1879.) 

Jamin has constructed a modification of the Jablochkoff candle, in 
which he has made use of the electrodynamic action of a coil of wire to 
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keep the are steady and pointing in one direction. The two carbons are 

parallel but inverted, han ging with their pointsdownward. They have 

no insulating material between them. Surrounding these, and in their 

own plane, is a flat coil of wire through which the main current. cireu- 

lates. The trials with this lamp in Paris are said to have been success- 

ful.—(Nature, xxii, 355, August, 1880.) 

Reynier has proposed an ineandescent light in which the point of a 

thin stick of carbon presses against a fixed carbon contact, while on it 

laterally, a short distance above, a third piece of carbon makes contact. 

The current enters by this lateral carbon and traverses the carbon pen- 

cil to its pointed end, passing thence to the solid carbon support. _ The 

pencil becomes thus incandescent, emitting most light at its point. Its 

photometric value varies from five to twenty carcel burners, according 

to the current.—(J. Phys., viii, 400, December, 1879.) 

Siemens has presented to the Society of Telegraph Engineers a paper 

on recent applications of the dynamo-current to metallurgy, horticulture, 

and the transmission of power. By means of an electric furnace made 

of a black-lead crucible, the positive carbon entering through the bottom 

and the negative through the cover, steel had readily been melted. 

Using a moderate-sized dynamo-machine, consuming four horse-powers 

and producing 36 webers of current—equal to a 6,000 candle light—he 

raises a crucible 20° deep to a white heat in less than half an hour, and 
a kilogram of steel is fused in it in another half hour. This furnace 

utilizes one-thiru of the horse-power actually expended ; and as the effi- 

ciency of the engine is one-fifth, that of the electric furnace is 4x 1= 4. 

As it takes theoretically 450 heat units 10 melt a pound of steel, the fur- 

nace would require 450 x 15=6750 heat units to be expended, or about 

the energy of a pound of coal. A ton of steel as ordinarily melted in an 

airfurnace requires 24 to 3 tons of coke; inaregenerative furnace about 

aton. The electric furnace is economically superior to the air furnace 

and nearly equal to the regenerative furnace. When the paper was read, 

a pound of broken files was melted in a cold crucible, by means of a cur- 

rent of 72 webers, in fifteen minutes, and cast in a mould. With refer- 

ence to the action of light on plants, the interesting experiments made 

by him in this direction were detailed, and an account given of the ex- 

periments now in progress to produce flowers and fruits without solar 
aid. Under the third head of his paper, Siemens described his brother’s 
electric railway in Berlin, and its numerous applications.—( Nature, xxii, 
135, June, 1880.) 

Edison has finally determined upon the use of carbon filaments in his 
incandescent lamps. These filaments are constructed by cutting with 
a suitable punch, from a piece of Bristol board, a strip in the form of a 
miniature horseshoe, about two inches in length and one-sixteenth of 
an inch in width. These are laid in a wrought-iron mould, separated 
from each other by tissue paper, and heated first by a gas flame and 
then in a furnace to a white heat. After cooling, the charred fiber is 
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sealed in a globe, which is then exhausted to one-millionth of an atmos- 

phere. Subsequently, in experimenting with various fibers, Edison came 

to the conclusion that a natural fiber was more durable than an artificial 
one, and that Japanese bamboo furnished the best. The lamps which 

are now made on the large scale are constructed with these fibers. 

Rowland and Barker have made a series of measurements to test the 

efficiency of Edison’s lamp. They compared the loss of energy in the 

lamp, as measured in the calorimeter, with the amount of light emitted, 

measured on the photometer. The lamps used were five in number, 

four of them having carbons made from paper, and one a natural fiber 
carbon. The comparisons were made by having two lamps in circuit, 

one being in the calorimeter and the other on the photometer in the first 

experiment, and their positions being reversed in the second. No. 201, 

which gave a mean of 10.1 candles on the photometer, gave 3486 foot- 

pounds of energy in the calorimeter; No. 580, which gave 13.1 mean 

candle lights, evolved 3540 foot-pounds. But when No. 201 was made 

to give 28.9 candles, its energy was only increased to 4898 foot-pounds ; 

and No. 580, which gave 33.5 candles, evolved only 5181 foot-pounds ; 

the cost of doubling the light being one-half more energy only. No. 

809 gave 14.3 candles, and used 3330 foot-pounds; No. 850 gave 9.2 

candles, and consumed 2483 foot-pounds. No. 817, the fiber lamp, gave 

17.2 candles for a consumption of 2708 foot-pounds of energy. The 

mean of the first two is 109 candles per horse-power of current; of the 

second two, 204.3 candles; of the third two, 133.4; and of the fourth, 
209.6. Or, in the first, 6.8 gas jets of 16 candles, in the second 12.8, in 

the third 8.3, and in the fourth 13.1 gas jets would be yielded by each 

horse-power of current. From the efficiency of Edison’s machine, the 

authors think that the yield per indicated horse-power of the engine 

would not be far from 70 per cent. of these values.—(Am. J. Sci., UL, 

xix, 337, April, 1880.) 
Brackett and Young have also made measurements on Edison’s lamp, 

in addition to others upon his Faradic machine. Comparison of the 

Edison dynamometer with the Prony brake showed that the latter reg- 

istered 93.2 per cent. of the power transmitted by the former. In their 

first experiment, the power expended was measured by the dynamometer 

and the current by the copper voltameter. The total efficiency was 

found to be 82.3 per cent., and the available efficiency 78.7 per cent. In 

the second trial the energy produced was measured by the calorimeter, 

and the total efficiency was found to be 84.6 per cent., the available, 78.2 

percent. A third test gave 84.5 total, and 78.2 available efficiency. But 

one lamp was tested, No. 853, the carbon of which was from paper. 

The mean illumination was 10.1 candles; the resistance, hot, 99.6 ohms; 
the difference of potential, 74.33 volts; hence the current strength was 

0.75 weber, and the lamp was consuming 0.075 horse-power. This gives 

137 candies per horse-power of current, or 107 candles per horse-power 

at the dynamometer; a near correspondence with the preceding re- 

sults.—(Am. J. Set., I, xix, 475, June, 1830.) 
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Morton, Mayer, and Thomas have published results of measurements 
of Edison’s lamp No. 154. The resistance of the lamp when cold was 

123 ohms; when giving 1.9 candles, 82 ohms; and when giving 18 can- 
dles, 75 ohms. The current strength was measured on a tangent galva- 

nometer, the constant of which was determined on a copper voltameter. 

When the lamp was giving 0.07 of a candle, it was consuming 0.445 

weber of current, equivalent to 0.024 horse-power. When it gave 14 

candles, the current was increased to only 1.079 webers, equivalent to 
0.116 horse-power. This latter result gives 120 candles to the horse- 

power of current, or, assuming 60 per cent. efficiency in the machine, 

72 candles per effective horse-power.—(Ann. Chim. Phys., V, Xx, 275, 
June, 1880.) 

Swan has continued his experiments on incandescent lighting, begun, 
as he claims, as long ago as 1860. He uses carbon filaments made from 

parchment paper, 3 inches long, 0.01 inch in diameter, weighing 335 grain, 

sealed in exhausted globes. One of these has burned continuously for 

three months.—( Nature, xxiii, 104, December, 1880.) 
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Angus Smith has suggested a new series of elemental molecules, the 

relative weights ef which are produced by squaring the atomic weights 

and dividing by the equivalence. This idea was reached in the course 

of his investigations into the absorption of gases by charcoal, in which 

it appeared that the gases were absorbed in perfectly definite volumes. 

Thus, eight volumes of oxygen are absorbed for one of hydrogen ; but as 

the former is 16 times as heavy, the weights absorbed are as 128; 1. 

But this is $(16)’; 7. ¢., half the square of the density, or half the square 

of the atomic weight, or half the product of the two. Of nitrogen 4.66 

volumes are absorbed, or 14x 4.66 by weight, 65.3; this number is $(14)’. 

Of compound gases the law is different. Carbonous oxide is absorbed 

to the extent of 6 volumes, carbon dioxide 64+ 16=22 volumes, marsh gas 

6+4=—10 volumes, nitrogen monoxide 8+4.66=12.66 volumes. Hence 

the new molecular weight of CO, is simply 22’, &c.—(Nature, xix, 304, 

February, 1879.) 
Thomsen has studied the relation between the total energy developed 

in the chemical reactions which occur in various kinds of voltaic bat- 

teries and the energy which appears in the form of current electricity. 

He used a thermal method of measuring the total energy, and found that 

the whole of the energy developed in the chemical change appeared as 

electric energy in Daniell’s battery on closed circuit, and also in the 

other forms of battery in which the metallic surface of the negative elec- 

trode is not changed by the electrolytic process. When nitric acid is 

used as the electrolyte the same total conversion of energy takes place, 

but the gradual absorption by the liquid of reduction products dimin- 

ishes the result.—(Nature, xxiii, 207, December, 15380.) 

Hesehus has made a series of experiments upon the change in vol- 

ume and elasticity undergone by palladium when it occludes hydrogen. 

Wires 500"™ long and 0.4"" diameter were stretched in a tube of glass 

placed vertically and filled with diluted sulphuric acid, and made the 

cathode. By a cathetometer the elongation was directly measured 

during the absorption. The pure palladium wire elongated 5™™, while 

S. Mis. 31——19 ae 
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wires of alloys with 25 per cent. of silver, platinum, and gold, elongated 

11.7=™, 6.14™™, and 0.9™™ respectively. With six bichromate cells the 

action was complete in an hour. After removing the battery the short- 

ening took place in the same order, though less rapidly; being for the 
palladium wire only 2.67" in 24 hours. The law of these variations was 

automatically recorded. The coefficient of elasticity of palladium pure 

fell from 15540 to 14000; and that of the silver alloy from 15240 to 
12500.—(J. Phys., ix, 365, October, 1830.) 

Berthelot has quoted Pictet’s experiments on the liquefaction of oxy- 

gen and hydrogen gases as illustrating his thermochemical views. The 

oxygen was prepared by heating potassium chlorate. Now, the reac- 

tion K Cl O,—=K Cl + O; according to Berthelot evolves 11 calories. 

Hence, being exothermic and not limited by its inverse, it is not arrested 
by a pressure of 320 atmospheres. The hydrogen was prepared by the 

action of potassium hydrate upon the formate. Since K CHO, + KO 

HK, CO; + Hy, evolves 18.4 calories, this action is also exothermic 

and not limited by an inversereaction. Hence, the gas should be evolved, 

as Pictet found it to be, at over 600 atmospheres. Exothermic reactions 

continue, then, whatever the pressure.—(Ann. Chim. Phys., V, xv, 149, 

October, 1878.) 

Thorpe has published the results of an extended research on the re- 

lation between the molecular weights of substances and their specific 

gravities when in a liquid state. He concludes: (1) that many isomeric 

liquids, even of the same chemical type, have not identical specific grav- 

ities at their boiling points, and hence not identical specific volumes. 

Since this occurs mainly in compounds of carbon and hydrogen, the in- 

ference is that the specific volume of one or both of these bodies is not 

absolutely invariable; (2) that oxygen, sulphur, and nitrogen have also 

variable specific volumes; (3) that there is no evidence that the specific 
volume of any other element is variable; (4) that the number of these 
latter atoms does not modify the volume, which is independent of the 

molecular complexity; (5) that the different members of a family of ele- 

ments do not possess identical specific volumes, these volumes being 

periodic functions of the atomic weights; (6) that no evidence is afforded 

that the specific volume is modified by any variation in the aflinity value 

of any element.—(Nature, xxii, 262, July, 1880.) 
Violle has determined the specific heat and melting point of palla- 

dium, iridium, gold, and copper. For palladium the specific heat was 

found to be, at 0°, 0.0582; at 500°, 0.0682 ; at 1000°, 0.0782; at 13009, 
0.0842. For iridium, at 0°, 0.0317 ; at 500°, 0.0377 ; at 1000°, 0.0437, and 
at 1400°, 0.0485. Gold has a specific eat at 0° of 0.0324; at 900°, 
0.0345, and at 1020°, 0.0352. The fusing point of silver was found to 

be 954° C. referred to the air thermometer; of gold, 1035°; of copper, 
1054°; of palladium, 1500°; of platinum, 1775°, and of iridium, 19509, 
—(J. Phys., ix, 81, March, 1880.) 

Victor and Carl Meyer, in determining the vapor density of chlorine 
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by their new method, the chlorine being produced by dropping platinous 

chloride into the tube heated to 1200°, have found that at these high 

temperatures this gas has a density only two-thirds of that correspond- 

ing to themoleculeCl,. Subsequently Crafts repeated the determination, 

using already-prepared chlorine, and found its density to be normal; a 

result confirmed by Victor Meyer, working in conjunction with Ziiblin. 

To reconcile these facts it seems to be necessary to admit that while 

free chlorine is stable at high temperatures, nascent chlorine is not, but 
undergoes dissociation into products not yet known. ‘The results, how- 

ever, obtained by the German chemists with iodine, which showed the 
Same anomaly, were fully confirmed by Crafts. Its vapor has at 1570° 

two-thirds of its normal density. Bromine is intermediate, its vapor 

density being reduced only one-fifth at high temperatures, when the 

bromine was free, and one-third when it was nascent.—(Ber. Berl. Chem. 

Ges., xii, 1426, 2066, 2202, 2204, 1879; xiii, 394, 399, 401, 405, 851, 1050, 

1103, 1880; C. R., xc, 183, 690; xci, 54; Nature, xxi, 461, March, 1880; 
Am. J. Sci., ILI, xviii, 222, 1879.) 

Offret has revised the calculations of Pictet by which he reached a 

density of 0.9883 and 0.9787 for liquefied oxygen, and has shown errors 

in them by which the density is reduced to 0.8655; a result close to 

0.8402, which the author obtains by a different process of computation. 

—(Ann. Chim. Phys., V, xix, 271, February, 1880.) 
Berthelot has published a work in two volumes, entitled ‘Essai de 

mécanique chimique fondée sur la Thermochimie.” One of the laws it 

establishes is the following: ‘‘ Every chemical change effected without 

the aid of foreign energy tends toward the production of those bodies or 

of that system of bodies which evolves the most heat.” Thus he shows 

that for the metals K, Na, Ca, Sr, Mg, Mn, Fe” Zn, Cd, Pb, (Cup)/” 
Hg,” Ag and (Al,), less heat results from the formation of oxides, than 
from the formation of chlorides. Hence gaseous chlorine should decom- 

pose these oxides, producing chlorides and evolving oxygen. This, in 

fact, actually takes place provided the reaction is initiated by suitably 

raising the temperature.—(J. Phys., viii, 402, December, 1879.) 

INORGANIC. 

Dumas has studied the property of occluding hydrogen possessed by 

certain metals, and finds that aluminum may occlude as much as one 
and a half times its volume of this gas, as well as traces of carbon 
dioxide. These gases were given out again when the metal was heated 

to redness in an exhausted tube. Magnesium exhibits a similar be- 

havior; so that to obtain these metals pure, they should be distilled in 

vacuo. These observations may throw some light on the anomalous 
behavior of aluminum when used as an electrode in the voltameter.— 

(Nature, xxii, 89, May, 1880.) 
Morley has made a series of careful analyses of air in order to ascer- 

tain the limits of the variation of the oxygen in a single locality. On 
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Loomis’s theory that sudden depressions of temperature are caused by 

the vertical descent of cold air from the higher portions of the atmos- 

phere, the author conceived that such air might well contain a smaller 
proportion of oxygen than the average. In preparation for testing the 

question, he has made a number of experiments with apparatus specially 

constructed. In proof of its accuracy, he states that the probable error 

of a determination of oxygen in the air, is the 7200th part; and the prob- 

able difference of two determinations on the same sample is the 5200th 

part. tae air analyzed was taken in the open country during Decem- 

ber, 1878, and January and February, March and April, 1879. ‘The mini- 

minum a poeen observed was found in a sample taken on the 26th of 

February, when it was 20.45 and 20.50 in two experiments. The maxi- 
mum oceurred in air taken on the 28th of December, 20.98 and 20.96 in 

two analyses.—(Am. J. Sci., III, xviii, 168, September, 1879.) 

Boussingault has investigated the production of oxygen from barium 

dioxide under diminished pressure, and shows that in a vacuum this sub- 

stance parts with oxygen at a low red heat. Conversely at about the 

same temperature, but at ordinary pressures, oxygen is readily absorbed 

again from the atmosphere by the lower oxide. Barium oxide may be 

successfully employed, therefore, on the large scale for obtaining pure 

oxygen from the .atmosphere., The difficulty hitherto experienced was 

the fact that at the high temperature necessary to decompose the dioxide 

under ordinary pressures, some molecular change took place which 

diminished largely its power of absorption.—(Ann. Chim. Phys., V, xix, 

464, April, 1880.) 

Hautefeuille and Chappuis have announced to the French Academy 

the liquefaction of ozone. By the use of a very low temperature they 

have succeeded in producing from oxygen, by the silent electric discharge, 

a greater quantity of ozone than hitherto, this at —23° C. being 21 per 

cent. The ozonized oxygen was conducted into the cool tube of a Cail- 

letet’s apparatus and pressure applied. After a few strokes of the pump 

the gas appeared azure blue in color, which increased with the pressure 

to dark indigo blue. On suddenly expanding the gas under 95 atmos- 
pheres pressure, a mist appeared in the tube, indicating liquefaction. — 

(Nature, xxii, 560, October, 1880.) 
Ogier has succeeded in effecting the combination of -hydrogen chlo- 

ride and hydrogen phosphide gases by compressing them together in a 
Cailletet’s S appar atus. When equal volumes of these two gases were com- 
pressed by a pressure of 14 atmospheres at 14°, combination took place 
and small yellow crystals, very brilliant, appeared in the tube. If the 
proportion had been accurately made and the gases were pure, they 
disappeared entirely, the walls of the tube being covered with the crystals 
with no traceof liquid. If, however, the upper part of the tube be warmed 
with hot water to 20°, a liquid layer appears. If now the tube be cooled 
slowly, maintaining the pressure at 60 to 70 atmospheres, a point is 
reached when combination takes place and erystals are formed. A 
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partial vacuum is produced in the tube and the mercury rises. The 

liquid may also be obtained by a sudden compression and the solid by 

a sudden expansion, producing sufficient cold.—(J. Phys., ix, 386, Novem- 
ber, 1880.) 

Maskelyne has examined two samples of material said to be erystal- 
lized carbon or diamond sand. The first was sent him by Mactear of 

Glasgow. On testing it he found (a) that it would not scratch either 

sapphire or topaz; (b) the particles polarized light; and (c) were not com- 

bustible, hence the sample was not diamond dust. Since evaporation 

with hydrofluoric acid caused it to disappear, it was probably a silicate. 

The second sample came from Hannay, also of Glasgow, and consisted 

of small crystallized particles, which in luster, in lamellar structure 
on the cleavage surfaces, and in refractive power, presented exactly 

the appearance of fragments of a broken diamond. They were inert in 

polarized light, they easily scored deep grooves in sapphire, and they 

were combustible, burning away entirely on platinum foil. The angle 

between the cleavage faces was 70° 29’, that of the diamdnd being 70° 

31’.7, | Hannay has himself given an account of the production of these 

diamonds, in a paper read before the Royal Society by Professor Stokes. 

This result is an outcome of his remarkable research on the solubility 

of solids in gases. He observed that when a gas containing carbon and 

hydrogen was heated under pressure in presence of certain metals, its hy- 

drogenis taken by the metal, and itscarbonis setfree. If thisevolutionof 
carbon takes place in presence of a stable compound containing nitrogen 
at a red heat and under a very high pressure, the carbon is obtained in 
the clear transparent form of the diamond. The specific gravity of the 
crystals is 3.5, and they yield on combustion 97.85 per cent. of carbon. 
An iron tube 4 inches in diameter and half an inch bore was exhibited 
as one of the tubes used in the experiment. These tubes burst in nine 
cases out of ten.—(Nature, xxi, 203, 260, 404, 421, 426, 1879~80.) 

Cooke has made additional experiments in support of his early result 

which fixed the atomic weight of antimony at 120.00; a result obtained 

as a mean of fifteen analyses of five different preparations of antimony 

bromide. In the present paper he discusses the causes of error to which 

his previous method was liable, and concludes that they arise from the 

analytical process, and not from a want of purity of material; and fur- 

ther that they are to agreat extent under control. He then details the 

results of experiments made with the volumetric method, by precipitat- 

ing a known weight of antimonous bromide by a standard solution of 

pure silver. As amean of five analyses, the percentage of bromine 

found was 66.6651, against 66.6665 given by the fifteen previous anal- 

yses, corresponding to an atomic weight of 120.01. The silver bromide 

formed in the last two experiments, on drying and weighing, gave two ad- 

ditional determinations—120.01 and 120.00.—( Am. J. Sci., ILL, xix, 382, 
May, 1880.) 

Humpidge has given an excellent résumé of the progress of discovery 
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of new metallic elements, of which fourteen have been added to the list 

in about two years, eleven of these belonging, it is said, to the yttrium 

or cerium group. The first was Davyum, a new metal of the platinum 

group announced in 1877 by Kern; probably a mixture. Then follow 

ytterbium by Marignac, X by Soret, mosandrum by Smith, phillippium 

and decipium by Delafontaine, thulium and holmium by Cléve and 

Thalén, samarium by Lecoq de Boisbaudran, scandium by Nilson, nor- 

wegium by Dahll, and vesbium by Scacchi.—(Nature, xxii, 232, July, 

1880.) 
ORGANIC. 

Thomsen, in a paper presented to the Berlin Chemical Society, has 

attempted to base a general theory of the structure of carbon compounds 

on thermal determinations. He does this by measuring (indirectly of 

course) the heat of dissociation of the carbon molecule, and from this 
and other data finding a thermal value for the combination of two car- 

bon atoms, to form a gaseous compound, by four “links,” by three, by 
two, or by one. He thence deduces a thermal value for each link. Gen-_ 
eral equations are given for calculating the heats of formation of various 

isomers, assuming a certain linking of the atoms for each. In cases 

where various linkings may be assumed, a determination of the heat of 
formation may determine which linking, and therefore which structural 

formula, is the more probable.—(Ber. Berl. Chem. Ges., xiii, 1888, 1392, 

July, 1880; Nature, xxii, 542, October, 1880.) 
Beilstein and Kurbatow have examined the more volatile portions of 

the petroleum of Baku in the Caucasus, with a view of comparing them 

with the corresponding portions of American petroleum. It had been 

observed that for the same boiling point the Caucasus fractions had a 

greater specific gravity. Hence a distrust of these Caucasus illuminat- 

ing oils, until it was shown that they had an illuminating power 10 per 

cent. higher than the American. The fractions obtained by the authors 

were: one boiling below 80°, with a gravity of 0.717; one from 80° to 

85°, 0.733; one from 85° to 90°, 0.741; one from 90° to 95°, 0.745; one 
from 95° to 100°, 0.748; and one from 100° to 105°, 0.752. Below 80° 
American petroleum yields hexane of gravity 0.669, while between 95° 

and 100° it gives heptane of gravity 0.699. To ascertain the cause of 

this difference the 86° to 85° fraction was agitated with fuming sulphuric 
acid; but no aromatic hydrocarbons were thus detected. Since analysis 
gives the formula C,, H,,, the fraction was examined for the olefines 

with bromine; but no action took place in the cold. On further study 

it appeared that these hydrocarbons belonged to a series obtained by 
hex-hydrogenating the aromatic hydrocarbons, the first member of which 

is hexahydrobenzene. Subsequent investigation showed the same series 

to be present in American petroleum, though in much smaller amount.— 
(Ber. Berl. Chem. Ges., xiii, 1818, 2028, 1880.) 

Vincent and Delachanal have determined the density and the expan- 
sion coefficient of methyl chloride at various temperatures. For this 
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purpose they used a thermometric reservoir containing the liquid, which 

with its stem was carefully calibrated. The density found varied very 

regularly from 23°.7, where it was 0.99145, to 39°, with a value of 

0.87886. The expansion coefficient was found to increase with the 

temperature, the ratio of the increase of the volume from ¢ to ¢-++1 de- 

grees, to the volume at ¢, being at —30°, 0.001310; at —0°, 0.001920 ; 
at 40°, 0.002373.—(Ann. Chim. Phys., V, xvi, 427, 1879.) 

Friedel and Ladenburg have continued their investigations upon or- 

ganic compounds containing silicon in place of carbon, and have now 

given the results of their study of the silico-ethyl series. Silicon, they 

say, acts in a group of carbon atoms like one of them, and nothing could 

resemble a hydrocarbon more perfectly than do silicon-ethyl and silicon- 

methyl. In their present paper they describe silicon hexaiodide Siz Ig, 

silico-oxalic hydrate Hy, Siz O,, silicon hexethyl, Si, (C2 H5)s, silicon hexa- 

bromide Si, Brg, and silicon hexachloride Si, Cl. The latter has also 

been obtained by Troost and Hautefeuille—(Ann. Chim. Phys., V, xix, 
390, March, 1880.) 

De Forerand has studied the production of new ultramarines by re- 

placing the sodium which is contained in the ordinary blue variety, 

more or less completely by other metals and even by organie radicals. 

Unger had obtained a green ultramarine in which half of the sodium 

was replaced by silver ; and Heumann another, yellow in color, in which 

this replacement was complete. When this latter body is heated dry with 

a metallic or organic chloride, chloride of silver is formed and also a new 

ultramarine. After treating of the production of the silver ultramarine 

and the regeneration of the blue variety from it, and of the transformation 

of the silver body into ultramarines of potassium and rubidium, green- 

ish blue, of lithium, blue, of barium, yellowish brown, of zine, violet, and 
of magnesium, gray, the author proceeds to describe the formation and 

properties of organic ultramarines. When the silver compound is 

heated with ethyl iodide, a gray slightly reddish body is obtained, which 

heated with sodium chloride gives ethyl chloride and blue ultramarine. 

It was therefore an ethyl-ultramarine. Similar ultramarines were ob- 

tained with the radicals allyl, amyl, and benzyl, and even with the 

quaternary ammoniums triethyl-phenyl-ammonium and tetramethyl-am- 

monium.—(Ann. Chim. Phys., V, xvii, 559, August, 1879.) 
Cooke has described a double tartrate analogous to tartar emetic, in 

which the potassium is replaced by silver, and which he calls therefore 

silver emetic, or argento-antimonious tartrate. Although previously 

observed, its properties have been only incompletely examined since it 

was in an amorphous condition. It is more soluble in water than at 

first supposed, requiring one hundred parts of boiling water and less 

than five hundred parts of water at 15° C. for its solution. Hence by 

dissolving in boiling water and allowing the solution to cool, colorless 

brilliant crystals were obtained belonging to the orthorhombic system. 

They blacken on exposure to light, and decompose at 200° with slight 
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explosion, leaving spangles of metallic silver mixed with an amorphous 
powder of antimonous oxide. It contained 26.50 per cent. of silver.— 

(Am. J. Sci., III, xix, 393, May, 1880.) 

Grimaux and Adam have succeeded in effecting the synthesis of citrie 

acid from glycerin. Since glycerin is tri-hydroxyl-propane and citric 

acid is hydroxyl-tri-carboxyl-propane, the theoretical conversion of the 

former into the latter requires only the substitution of three carboxyls 

tor two hydroxyls and one hydrogen. Practically, this replacement 

was effected in several stages: first, by the action of hydrochloric acid 

on glycerin, dichlorhydrin, or hydroxyl-dichlor-propane, was produced. 

By chromic acid this was oxidized to dichloracetone or oxydichlor- 

propane. This, by the action of concentrated hydrocyanic acid, gave 

dichloracetone-cyanhydrin, or hydroxyl-eyan-dichlor-propane. By sa- 

ponifying with hydrochloric acid, the corresponding acid hydroxyl- 

earboxyl-dichlor-propane was obtained. The sodium salt of this was 

treated with potassium cyanide, giving hydroxyl-carboxyl-dicyan-pro- 

pane. And this, when saponified as before, gave hydroxyl]-tricarboxyl- 

propane, or citric acid, identical in all its properties with that obtained 

from lemons. Since glycerin can be made from trichlorhydrin, which 

may be made by the action of chlorine on propylene, and since propy- 

lene can be made from marsh gas and carbonous oxide, marsh gas itself 

being producible from carbon and hydrogen, the synthesis is complete 

from the simple elements up to citric acid.—( Nature, xxii, 585, October, 
1880.) 

Rosenstiehl has given the processes by which Baeyer has succeeded 

in synthesizing indigotin, the coloring matter of indigo. Two of these 

are described, in both of which cinnamie acid is taken as the point of 

departure. On nitration, this acid yields orthonitro-cinnamie acid; and 
this is converted (a) into orthonitro-phenyl-propiolic acid by bromi- 

nating and subsequently saponifying; or (b) into orthonitro-phenyl- 

oxyacrylic acid by treatment with hypochlorous acid and subsequent 

saponification. The action of heat alone converts this latter acid into 

indigotin, a temperature of 110° C. being sufficient. But the action is 
complex and the yield is small. Orthonitro-phenyl-propiolie acid is con- 

verted into indigotin by heating it with a mixture of alkali carbonate 

and glucose, to 110° C. The action is regular, the indigotin separates 

in the crystalline form, and the process has the very great commercial 

"advantage that the coloring matter can be developed directly on the 

cloth. The mixture of the acid with the alkali and glucose being 

printed on the cloth, exposure to superheated steam develops the color 
fixed in the fiber.—(Ann. Chim. Phys., xxi, 286, October, 1880.) 

Spiller has devised a simple means of identifying the coal-tar colors, 
founded on the action of sulphuric acid on the dyeing material taken in 

conjunction with the shades produced on and the tendency to dye silk, 
wool, or cotton. The most striking reactions are as follows: Magdala 
red with sulphuric acid gives a blue-black; saffranin a grass-green, be- 

athtind an 

| - ” 
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coming indigo blue on strongly heating; chrysoidin deep orange, turn- 

ing almost to scarlet on heating; alizarin, ruby-red or maroon; eosin, 

golden-yellow; primrose (naphthalene yellow), first yellow then color 

discharged; chrysaniline, brown fluorescence; aurin, yellowish brown; 

atlas orange, rose-color, changing to scarlet on heating; atlas scarlet, no 

alteration; biebrich scarlet (R), blue-black; ditto (B), blue-green; aniline 

scarlet, permanent golden-yellow; indulin, slaty blue to indigo, All 

violets give a yellow or brownish yellow; phenyl and diphenylamine 

blues dark brown solutions; iodine and malachite greens bright yellow 

solutions, the former giving off iodine on heating; and finally citronin, 

which gives a pale cinnamon color or a neutral tint.—(Nature, xxii, 445, 

September, 1880.) 

Schiitzenberger has given in an elaborate memoir the results of his 

investigations into the chemical character of albumen based on the ob- 

servation that when subjected, under suitable conditions, to the action 
of baryta water it breaks up entirely, or almost entirely, into definite 

erystallizable principles. His results show that the mixture of fixed 

principles derived from albumen by hydration contains only amido-de- 

rivatives, and that these may be divided into two unequal portions; 

one, about 16 or 18 per cent., containing substances in which the nitro- 

gen ratio is 1:3, 1:4 or 2:5, mostly acids; and a second, four-fifths of the 

residue, represented by the formula (C,H2,N20,)x, the value for being 

a little less than nine. Albumen is therefore probably an imido-deriva- 

tive, which changes by hydration into a mixture of amido-deriva- 

tives—(Ann. Chim. Phys., V, xvi, 289, March, 1879; J. Chem. Soc., 

xxxvi, 546, July, 1879.) 
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It is unnecessary to state that in the past two years numerous con- 

tributions have been made to our knowledge of the constituents of 

the earth, for mineralogical study excites interest upon so many sides, 

and is demanded for so many economic as well as scientific purposes, 

that the number of workers in this department is always sure to be large. 

But it is of peculiar interest to note the number and the character of the 

investigations which have been made in this country, and the attention 

which they have excited at home and abroad. In looking over the list 

of new species it will be seen that many of the most interesting have 
been found here. This is not strange, considering the rapid develop- 

ment of our mining industries and the explorations that have been 

made in unknown territories. But the finding of new minerals is not at 

present the highest of mineralogical accomplishments, and a new name 

is a burden and not an aid to science. A very different thing is such 

study devoted to a new species as puts us in possession of new informa- 

tion; and it is to the character of the new species and to the study 

devoted to them that the prominence of American work during this 
period is due. 

We will therefore first consider the new discoveries that are purely 

American, and then we will return to more general considerations. 

AMERICAN PROGRESS. 

Prof. E. 8S. Dana, in preparing a previous record of mineralogical pro- 

gress, modestly refrained from assigning a prominent position to the 

results of the explorations in Branchville, yet it may safely be said that 

so fruitful a locality has for many years not been found in any land. 

Up to the beginning of 1879 they had extracted five new species, but 

since that time they have found two additional manganese phosphates, 

making seven in all, and also a new and interesting lithium aluminum 

Silicate. In addition, many rare though previously described minerals 

have been there found by them, and much interesting analytical work 
has been done upon this material by Messrs. Penfield and Comstock. 

These analyses have also suggested investigations that have resulted in 
299 
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a more certain determination of the formule of several species and to 

the discovery of very interesting varieties of old ones. Mr. Comstock 

analyzed the tantalite, which occurs at Branchville, together with im- 

mense crystals of the rare columbite, and also analyzed and fixed the 
formuta of uraninite, which before had never been found in such fine 

and fresh erystals, and of which, therefore, no material so suitable for 

analysis had been found. Mr. Penfield reached also as interesting re- 
sults in his analyses of triphyllite and amblygonite, and also analyzed 

a novel variety of apatite which was tound to contain a large amount of 

manganese. Profs. Brush and Dana have once more demonstrated the 

economic value of scientific industry. Their new minerals were found in 

a very coarse-grained vein of pegmatite. They also found there immense 

crystals of potash feldspar of the variety microcline, also masses of clear, 
pure quartz. Having extracted many tons of these materials as waste 

products in their search for the rare minerals, they took occasion to call 

the attention of a porcelain manufacturer to it, and he found on trial 
that the feldspar was eminently suited for the manufacture of his 

wares, as was also the quartz. He therefore purchased the property, 

and these materials have been systematically and extensively extracted 

ever since. 

Profs. Brush and Dana have made another most important discovery, 
fully equal in interest to their discovery of new species, since by means 

of it they have perfected our knowledge of a species previously little 

uneerstood. The calcium borosilicate danburite was discovered many 

years ago by Prof. C. U. Shepard, though its chemical composition was 

subsequently first correctly determined by Profs. J. L. Smith and 

Brush. Yet so small and imperfect were the grains then found that its 

mode of erystallization was never known, or at least its form,could not 
be correctly determined. It was thought to be triclinic. Through the 

discovery of these gentlemen all the cabinets of the world are, or will be, 

enriched with large and beautifully crystallized specimens of this herets- 

fore rare and insignificant species. The new locality is in Russell, New 

York, where danburite occurs in large, compact, rock-like masses and fine 
‘erystals of perfect form. The little crystals are white and transparent, 

and the large ones are also very perfectly formed. They are rhombic 

in form, and, what is most remarkable, although it possesses no appar- 

ent chemical affinity with topaz, its crystals are so deceptively like it 

that no one would hesitate to pronounce it topaz from its outward ap- 

pearance. This resemblance extends yet further; its axes are very 

nearly identical in length, and its optical properties are nearly the 

same as in topaz. Other cases of close resemblance in form between 

unrelated chemical compounds are known. Calcite resembles soda nitre, 

for example, and aragonite resembles saltpeter. Such resemblances of 

the present time can only be explained as being the accidental resem- 

blances, like those of facesinacrowd. But the fact that this borosilicate 
resembles topaz even in the minute details of arrangement of its erystal- 
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line planes, indicates that we have perhaps much yet to learn concern- 

ing isomorphism. 

One of the most interesting studies of this period has been made upon 

the lithium aluminum silicate spodumene and the products of its alter- 

ations. Mr. Alexis A. Julien, of Columbia College, first examined the 
specimens that he obtained in Massachusetts. Spodumene, by the action 

of decomposing reagents in nature, exchanges its lithia for potash or 

soda, and becomes altered into a variety of substances, one of the most 

characteristic of which has been called cymatolite. Mr. Julien analyzed 

this substance and endeavored to fix its composition. But at Branch- 

ville, Profs. Brush and Dana found immense crystals which were origi- 

nally all of spodumene, and which had decomposed in such a way as to 

enable them to make a most interesting investigation and arrive at new 

results. These crystals were of very great dimensions, some being over 

four feet long and a foot wide. Their interiors were still of a beautiful 

clear pink spodumene, but they were mostly altered into mica, albite, 

cymatolite, and a translucent substance which they provisionally called 

f spodumene. By chemical and microscopic study they demonstrated 

that this so-called eymatolite was composed of a very intimate mixture 

of white mica and albite, and that the @ spodumene was composed of 

albite and a new mineral, which they have called euecryptite, and which 

will be found described beyond. The study of such processes of altera- 

tion is very important, since it develops facts of geological importance, 

and the changes which this spodumene has undergone form an inter- 

esting chapter in the history of pseudomorphs. 

Mr. Harrington, of Montreal, has made an important study of the apa- 
tites and their associated minerals in Canada. As is well known, very 
large deposits of clear green and otherwise colored apatite occur there 

from which very large quantities are annually taken to be crushed and 

manufactured into superphosphates for agricultural purposes. Such 

deposits also occur in Norway, where they have been studied by Pro- 

fessors Brégger and Reusch, who determined them to be of eruptive 

origin. Professor Harrington, after showing that they occur in rocks of 

a Similar nature, though unlike in detail, shows that there is abundant 
reason for considering that they are not eruptive rocks, and thinks that 

they were gathered by and crystallized from solutions. I will recall in 

this connection that M. Daubrée made apatite in a closed tube, by 

causing a volatile phosphorous compound to act upon hot limestone, 

and he thinks that some such deposits may have been formed by subli- 

mation. The opinion of Dr. Harrington is sustained by the previously- 

formed opinion of Dr. Hunt, and it will be seen that every possible mode 
of origin has to-day weighty opinion in its favor. But argument of 

such questions is progress, and is along step toward conclusion, and 

these studies have contributed much to our knowledge of these deposits. 

Mr. Harrington describes immense crystals of apatite a foot or more in 

diameter and several feet long. Mr. Adams and Mr. Hofmann have 
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also been busy analyzing Canadian minerals. Very interesting are 

the analyses of scapolites by Mr. Adams. He found them all to con- 

tain chlorine, the overlooking of which was probably the cause of the 

evident errors of previous analyses. 

The relationship in which hornblende and pyroxene stand to each 

other has always been a favorite subject. Although each species has 

numerous varieties of very variable composition, each possesses the 

same chemical varieties, and they are therefore considered as dimorphous. 

Moreover there is a very definite relationship between their forms, since 

doubling the length of one axis in pyroxene gives the axes of hornblende. 

Another feature that has attracted much interest is that pyroxene tends 

to alter its own internal molecular structure into that of hornblende. 

This results in giving us quite perfect crystals apparently pyroxene, 

but which possess the cleavage and optical properties of the allied spe- 

cies. Since the two species may be identical in composition, this has 
usually been spoken of as a case of paramorphism, of which we have 

some other illustrations. Calcium carbonate crystallized as aragonite 

can, for example, be internally altered to calcite, which change involves 

no chemical alteration. But Mr. Harrington among the apatite deposits 

has succeeded in finding pyroxene crystals in which this process of alter- 

ation was in progress, and in some cases had progressed to that extent 

that the crystals were internally pyroxene and externally of horn- 

blende. Analyses of the materials in all cases showed that a chemical 

change had taken place, which was largely expressed in a loss of lime. 

In other words, the pyroxene was changed, not into a hornblende of a 

like composition, but a hornblende of different composition. Pyroxene 
crystals altered into hornblende have been called tralite, because first 
brought from the Urals by Gustav Rose. Professor Harrington’s analy- 

ses demonstrate that his crystals are to be considered as pseudomorphs, 

and not as paramorphs. 

Mr. Hidden has been seeking minerals in the Southern States. 
Among others he has found some very beautiful, transparent, green 

crystals of spodumene, which are a novelty and an interesting addition 

to the varieties of this species. Some immense crystals of sphene, 

weighing fifty pounds or more, have been brought from Renfrew, in 
Canada. Dr. Shepard has bought the celebrated Graves Mountain, 

Georgia, and has mined from it great numbers of very large and very 

beautiful rutile crystals; and the shelves of the mineral dealers will be 
found enriched with a great deal of material from new localities that 

have been developed during the past two years. 

Meteorites.—When one remembers how very few are the meteorites 

that have been seen to fall and have then been found, and the general 
and keen interest felt by the whole scientific world in these celestial 

bodies, the very remarkable fall of meteorites that took place in our 
country last year must be considered as an important event. Most of the 
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meteorites thus far found possess thoroughly individual characteristics ; 

therefore each new discovery of a meteorite is met with the expectation 

of some new information regarding the composition and history of other 

worlds than ours. This new meteorite was thoroughly unique in its 

general character and brought to us a mineral which was heretofore 
unknown. 

In Emmett County, Iowa, on the 10th of May, 1879, at five o’clock in 

the afternoon, although the sun was still shining and the day clear, a 

large meteorite was seen to pass across the sky. One person saw it at 

a distance of one hundred miles from the place of its fall. It is said to 

have made a noise “terrible and indescribable,” which was louder than 

that of artillery, and which frightened the cattle as much as the people. 

One piece, five hundred pounds in weight, struck the earth at such a 

velocity that it buried itself fourteen feet in a stiff clay soil. A second 

piece, weighing one hundred and seventy pounds, and a third, weighing 

one hundred and forty pounds, were found in, the neighborhood. More- 

over, the prairie far and near was seattered with little pieces, hundreds 

of which were gathered. One remembers in this connection the multi- 

tude of little meteorites which fell at Pultusk, one or more of which are 

in every collection. The largest of the pieces of this Emmett County 

meteorite was sold for a great sum to the British Museum;* the second 

piece remained in the lowa University collection, and the third was 

purchased by Yale College. The circumstances of the fall of this me- 

teorite were first described by Professor Peckham, and Dr. J. Lawrence 

Smith afterward submitted it to careful investigation in the laboratory, 
and found it to contain a new magnesium iron silicate, which he named 

Peckhamite. The other constituents were chiefly metallic iron and 

olivine, which are common constituents of meteorites, but this meteorite 
was characterized by the great size of its olivine grains. It is partly on 

account of such large crystals that it is commonly believed that these 

meteorites once formed parts of greater bodies, from which they have 

been broken. The history of Biela’s comet will be remembered in this 

connection, which on one of its periodic appearances was found to have 

divided, and which subsequently finally disappeared from the sky, 

though a meteoric shower occurred at about the time that it should 

have appeared. 

Mr. Hidden has also found some interesting meteoric irons in the 

South. One of these was plowed out of the ground in Cleburne 
County, Alabama, in 1873. Though the circumstance of its’ being 
metallic iron excited the curiosity of the people, no one considered it 

as anything of value. A piece of it was forged into a tool, and the 

rest lay for years in the blacksmith shop, unknown and unappreciated. 

It has now been investigated by Dr. J. Lawrence Smith, who has done 

so much in the chemical study of these bodies. 

Another block of meteoric iron weighing 120 pounds has been found 

*We should have a fund to keep such interesting things in this country. 
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at Ivanpah, Cal., by Mr. 8S. Goddard. It has been partially described 

by Prof. C. U. Shepard, and is in the possession of Mr. Hanks, the 

State geologist of California. 

It is known that etched surfaces of meteoric irons exhibit definite 

figures resultant from the crystallization of the iron, and which not 
appearing upon surfaces of common iron have been considered as char- 
acteristic of meteoric iron. Mr. Daubreé, and afterward Meunier, 

succeeded in obtaining such figures on nickeliferous iron, and now Dr. 

J. Lawrence Smith has succeeded in inducing like figures upon polished 

surfaces of iron containing silicon. Add to this the circumstance that 

the same happens when the Ovifak iron, which is now generally ad- 

mitted to be terrestrial, is treated, and it can scarcely be claimed any 
longer that these figures are alone characteristic of meteoric irons. 

NEW MINERALS. 

We will now refer briefly to the new minerals that have been de- 

scribed. We think it willbe seen that, if a few minerals should be struck 

from this list, this portion might be left out of a report upon progress, 

for many of these new minerals are described more for the zeal for nam- 

ing than for any information of interest that their study has developed. 

Abriachantite—An impure, bluish clay, like mineral, named by Heddle 

after the locality where it is found in Scotland. A name given to a 
poorly identified species. 

Animikite.—A very basic silver antimonide found by H. Wurtz at Silver 

Islet, in Lake Superior. Its name is derived from animikie, which 
means thunder; whence Thunder Bay derives its name. It is not 
established as a species. 

Bernardinite.—A. new mineral resin found by J. M. Stillman, in San 
Bernardino County, California. It is white in color, and so porous 
and light that it will float on water. A new resin has also been 

described by C. Délter in the communications of the Steinmark natural 

history society. It was found by him in the tertiary lignites. 

Bhreckite—A substance found by Heddle at Ben Bhreck, in Sutherland, 
Scotland. A calcareous chlorite like mineral of undetermined com- 

position. Named on account of the possibility that it might prove 
new. 

Eggonite.—Probably a cadmium silicate, which is found in minute light 

brown crystals on calamine at Altenberg, near Aix-la-Chapelle. It 
was ‘described by Schrauf, who determined it to be triclinic, but he 
did not definitely decide its composition. 

Elenorite——An hydrous iron phosphate, found by A. Nies in the Ele- 

nore mine, near Giessen. It is rhombic, dark brown, translucent, and 
vitreous in luster. Its investigation is, however, still incomplete. 

ELucryptite—A lithium aluminum silicate, discovered by Brush and 

Dana, at Branchville, Conn. It is intimately intermingled with 

albite, forming what they call @ spodumene. The two minerals are 

3 

, 
F 
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arranged with reference to one another as are quartz and feldspar in 

schrift granite, and, as in this case the mineral intermingled with 
the feldspar is hexagonal. In composition it is somewhat related 

to muscovite or nephelin. It is white and fibrous, and only detected 

by microscopic examination. Named from <3, well, and zpuzzds, con- 
cealed. 

Euralite—A dark-green chloritic substance, resembling delessite, and 
found by F. J. Wiik, at Eura Kirchspiel, Finland. 

Fair fieldite—An hydrous manganese calcium phosphate, found by Brush 

and Dana, at Branchville, in Fairfield County, Connecticut. It is a 
colorless and transparent mineral with a good cleavage, and triclinic 
in crystallization. 

Fillowite—A mineral found by Brush and Dana at Branchville, and 
named after the owner of the property on whose land they explored. 

Occurs in granular and crystalline grains, the latter looking like 

rhombohedrons but really monoclinic in form. It is a manganese 

phosphate containing a little iron and soda, and of a wex-yellow color. 

Fredricite—A mineral related to tetrahedrite, but contains lead and 

tin. It is found in massive, iron-black pieces, at the Faln mine, 

Sweden, and is chiefly composed of copper, sulphur, and arsenic. 

Described by Hj. Sjégren. 

Gelatinous chabazite—Renevier found a gelatinous substance in fissures 

in the conglomerate near Lausanne, Switzeriand, that had the com- 

position of chabazite. He called it a mineral in embryonic condition. 

This was inappropriate, because no such condition is possible in the 

organic kingdom. A mineral is complete as soon as formed, and 

its crystalline condition 1s one of its essential properties. This is a 

new mineral if its composition is definite. 

Guejarite—A copper antimony sulphide, found by M. E. Cumenge in a 

vein of spathic iron, at Guejar, in the Spanish Sierra Nevadas. Oc- 

curs in bright crystalline plates, that are sometimes quite large. It 

is quite heavy, is steel-gray in color, and of rhombic crystallization. 

Hannayite—A hydrous magnesium ammonium phosphate found in the 

guano beds at Victoria. It was determined and named by vom Rath, 

and found to be triclinic in crystallization. 

Haughtonite.—A black mica, which wastaken out of gneiss from Roneval, 
and analyzed by Heddle. It is intermediate between biotite and lepi- 

domelane, and consequently scarcely needs any new name. 

Heldburgite—Another mineral of unknown composition, but possessing 

angles like those of Zircon. It is a yellow mineral seen in the feldspar 
of phonolite from Heldburg in Colburg, by O. Luedecke. 

Herrengrundite—A basic copper sulphate from Herrengrund, Hungary. 

Occurs in six-sided tabular crystals of the monoclinic system. In 

color it is dark emerald green. Occurs mixed with gypsum, malachite, 

and calcite. (See wrvdlgyrite.) 

S. Mis. 31 20 
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Hofmannite.—A colorless, tasteless hydrocarbon, found in tabular erys- 
tals on lignite. Described by Bechi. 

Huntilite—A mineral named by Henry Wurtz after Dr. T. Sterry Hunt. 

It is a basie silver arsenide, but poorly determined. Found at Silver 
Islet, Lake Superior. 

Kéflachite.—This is a kind of mineral pitch or resin, found by C. Doelter 

near Kéflach. The author names it with doubt, and says it is very 

near Jaulingite, another resin found at the same place. 

Leucomanganite.—A foliated, radiated, snow-white mineral, composed of 
manganese and iron protoxides, alkali, and water in unknown pro- 

portions. Named by Sandberger. 

Lintonite—An hydrous calcium aluminum sodium silicate, closely allied, 
perhaps, identical, with thompxonite, which was found in amygda- 

loidal cavities in diabase near Grand Marias, Cook County, Minnesota. 

Named after Miss Laura Linten, the analyst of the specimens. 
Louisite—A leek-green translucent vitreous brittle mineral found by D. 

Honeyman, at Blomidon, Nova Scotia, and named from the princess, 

It is an hydrous lime potash silicate. 

Luckite—An hydrous manganese iron sulphate, found with mallardite 

in the Luckyboy silver mine, Butterfield Canon, Utah. It is clear. 

with a bluish tint; found in indistinct striated prisms in a black bitu- 
minous rock, isomorphous with melanterite, from which it differs in 
the presence of manganese. Described by A. Carnot. 

Mallardite—An hydrous manganese sulphate, soluble in water, de- 

Seribed by A. Carnot, from the Luckyboy silver mine, Butterfield 

Cafion, Utah. It occurs in colorless fibrous crystals in a gray clay 

like stone, together with quartz and barite. 

Mixite—A copper bismuth arsenate containing water. It is found as 

an emerald or bluish-green incrustation on bismuth ochre. It forms 

spherical and reniform aggregations, and granular irregular par- 

ticles. Found in the Joachimsthal, and determined by A. Schrauf. 
Newberyite—Another mineral found by vom Rath in the Victoria guano 

beds; it is a magnesium phosphate containing water, and orthorhom- 

bie in crystallization. 

Ontariolite—An “ embryonic” mineral, named before its investigation by 

Prof. C. U. Shepard. Itis a member of the scapolite family, found at 

Ottawa, Canada. 
Orizite—A mineral of the composition of heulandite found in the tour- 

maline granite at San Piero in Campo, by Grattarola. It occurs in 

crystals, and crystalline grains of the color and luster of rice kernels. 

Peckhamite—A magnesium iron silicate found by Dr. J. Lawrence 
Smith in the meteorite that fell in Emmet County, Iowa. It is dingy- 
yellow in color, has a perfect cleavage, and occurs in nodules several 
millimeters in diameter. It is intermediate between olivine and bron- 
zite. Named after Professor Peckham, who first described the fall of 
this remarkable meteorite (see Meteorites). 
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Philadelphite—A mineral found in a decomposing hornblendic gneiss 
on Germantown Avenue, Philadelphia. In composition and properties 

related to vermiculite. A pearly micaceous mineral, which exfoliates 

when heated to ten times its original volume. Described by Henry C. 
Lewis, of Philadelphia. 

Phosphuranylite—A pulverulent incrustation found on quartz and feld- 

spar, of a pearly luster, and lemon-yellow color, and determined by 
I’. A. Genth to be a hydrous uranium phosphate. 

Picite—A. hydrous iron phosphate which. like the Elenorite, before 

mentioned, is found ina mine near Giessen. It is amorphous dark 
brown translucent, and has a fatty luster. It occurs in little stalae- 
tites, and spherical concretions, or in coats on other minerals. 

Plagiocitrite Klinophaite and Wattevillite, are some hydrous sulphates 
found by S. Singer on the Bauersberg near BischofSheim, on the 
Rhone. They resulted from reactions between the decomposing pyrites 
in some lignite beds, and an underlying basalt, or the tuff mixed with 
the lignite. They remain to be further investigated. 

Pseudonatrolite.—A. new zeolite described by Grattarola from San Piero 
in Campo. It is found in minute colorless crystals with a glassy 

pearly luster, and probably orthorhombic in crystallization. It is a 
calcium aluminum silicate, and named from its relation to natrolite. 

Randite—A lemon-yellow incrustation found on granite and determined 
to be a calcium uranium carbonate, near liebigite in composition. 
Named for T. D. Rand of Philadelphia by G. A. Koenig. 

Reinite.—A pure iron tungstate, discovered by Professor Rein in Kim- 
bosan, Japan, and investigated by K. von Fritsch and Luedecke. It 

is a pliek brown opaque Substance: found in large square cry sual 

assumed by analogy to be monoclinic. 
Thaumasite.—A. white translucent mineral, from Aareskutan, described 
by G. Lindstrom, with fatty glance, and choncoidal fracture. It is 

an hydrous lime carbonate, sulphate, and silicate. One would think 

it a mixture, but several analyses exactly agree, and Térnebohm, a 
careful analyst, is assured that it is no mixture. One will remember 
cancrinite, which is a silicate and carbonate. This mineral is justly 
named from #avuafw, to wonder. 

Titanomorphite.—The gray translucent substance which is so very fre- 

quently found in microscopic sections of rocks as a decomposition prod- 

uct of titanic iron and rutile, has been the subject of much discussion. 

It has never been found practical to separate it and analyze it, hence 

its composition has always been a subject of speculation; von Lasaulx 

found masses in an amphibolite, from Hohe Eule, of sufficient size to 
analyze. He fixed its composition as a calcium titanate, identical 
with perowskite. The substance previously had two or three names, 

and was best known as leucoxene, a name given by Giimbel. It was 
scarcely necessary to give it another. 
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Trippkeite—A copper arsenite from Chili, the composition of which 

was determined by A. Damour, and the crystallographic properties 

by G. vom Rath. It is a quadratic mineral, the optical proof of which 

was furnished by Des Cloizeaux. It was named for Dr. Paul Tripkie, 

a mineralogist in Bonn, who was unfortunately killed shortly after he 

had found this mineral, which he suspected to be new. 

Tysonite—A mineral found by Messrs. Tyson and Wood, on Pike’s 

Peak. It was found by Prof. O. D. Allen and Mr. W. J. Comstock 

to be a fluoride of the rare earths cerium lanthanum and didymium. 

It isa hexagonal mineral of vitreous and wax-yellow color, and very 
heavy. It was named from the finder. 

Urisite—An hydrous iron sulphate, containing soda, described by A. 

Frenzel. It has a citron or pomegranate yellow color, and occurs in 
rhombic crystals. It was obtained in the Caucasus. 

Urvolgyite.—This is the same thing as the Herren grundite described by 

Brezina. This name was given by Szabo, but the lime which Brezina 

found resulted from an intermixture of gypsum, Szabo considered to 

be an essential constituent. 
Xantholite.—Another of Heddle’s possibly new minerals. Found at Loch 

Ness, Scotland. Like grenatite, but of different color. A poorly de- 
termined species. 

IMPORTANT STUDIES. 

It will be noticed that many of the new studies have consisted in the 
continued application of the later developed optical methods to pre- 
viously-determined species. This is because the ideas which constitute 
a crystal have been changed, thus necessitating a reinvestigation of all 
minerals. One sees no more in the new text books that a erystal is a 
body bounded by planes symmetrically arranged by forces of crystal- 
lization. But a erystal is a body with'a defined molecular structure, 
possessing like elasticity in like directions. The planes which may or 
may not bound such a substance are simply one of the features of this 
molecular structure, in the same way as are the optical, electric, mag- 
netic, thermal, and other properties. The isometric crystalline form 
of a substance can be more perfectly established by the examination of 
a pair of sections from an irregular fragment than from the outer form 
of a developed geometrical form. Opaque substances only are investi- 
gated in the same way as of old, and even these can be studied by thermal 
methods. The degree of symmetry in crystals are considered as the 
prominent features in geometrical study, and the crystalline axes, such 
as are not assumed for simple convenience of calculation, are the nor- 
mals to these planes, and not imaginery lines. These principles, which 
have much simplified the science in some directions and complicated it 
in others, are not new developments, but progress worthy of note has been 
made in the more general acceptation of the new system and its intro- 
duction into elementary instruction. 
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Felaspar.—The study of the chemical relationships of the feldspars has 

deeply interested mineralogists for several years. It will be recalled 
that Tschermak, by a laborious investigation, attempted to systematize 
all those kinds of feldspar of intermediate content of silica by a theory 
of isomorphism of the extreme members of the group. This theory 
was prevented from receiving general acceptation by the researches of 
Des Cloizeaux, who gave definite optical properties for the oligoclase and 
labradorite as well as the rest. But now Schuster, by a more extended 
series of investigations, has been convinced that in optical as well as 
other properties, all these intermediate species do form a regularly pro- 
gressive series, Such as might be expected to result from isomorphous 
combinations. Many speculations have been made with the view of ex- 
plaining how a lime alumina silicate like anorthite can be isomorphous 
with potash or soda alumina silicates, which, like albite and microcline, 
are of entirely different atomic ratio. The satisfactory understanding 
of this is a thing to be determined when knowledge is further advanced. 
The fact of the isomorphism is admitted, and the theory ofthe isomorphous 
replacements to form intermediate feldspar species has gained ground. 

The dimorphism of potash feldspar has been known for some time. 
But it has proved to be quite surprising to find that the new species 
microcline is on the whole much more abundant than the old species 
orthoclase, which previously embraced the whole. Microcline differs 
but extremely little in geometrical form from orthoclase, but its optical 
properties are very markedly different. It is composed of a series of 
laminz most intricately interwoven, a result of twinning according to 
two different systems. Now Levy has lately shown that if this system 
of twinning, which is sometimes carried to such an extent that the indi- 
vidual laminz become minutely microscopic, were only repeated still 
further, and the lamin subdivided until even the microscope could not 
detect them, such a microcline would have all the properties, optical 
and otherwise, of orthoclase. In this he is supported by able French 
mineralogists, and it would appear as if we were liable to lose the old 
classic orthoclase altogether. 

Other studies of twins.—A twinning plane becomes of necessity a plane 
of symmetry, and thus by simple repetition of this process very regular 
bodies result from the least symmetrical. The process of reducing well- 
known minerals to less symmetrical systems has gone on as vigorously 
as heretofore. For example, chabazite, which was considered as a most 
typical rhombohedral mineral, has been shown by Becke to receive its 
usual form by the repeated twinning of its triclinic crystals. Leucite, 
which at the time of the last review had with general consent been re- 
duced from the isometric to the quadratic system, has since been found 
by Websky to be orthorhombic, and by others has been considered as 
still less symmetrical. Perowskite and Boracite receive their apparent 
isometric forms by the repeated twinning of rhombic crystals. Other 
examples might be given, but these are suflicient to show what is being 
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done in these directions. The results of such studies, if of interest in 
detail to but few (and they are treated with utmost detail), must not be 
underestimated, for they tend toward a better understanding of molecu- 
lar structure, a knowledge of which may at any time prove of utmost 

interest to all. 

Mica.—Prof. G. Tschermak, who, as is well known, has made a most 
valuable investigation upon micas, the results of which proved that all 

micas are monoclinic in form and that they possess variable optical 

properties which necessitated a redivision and to a certain extent anew 

nomenclature, has now, with the aid of Sepéez, extended his examina- 
tion to the brittle micas of the clintonite group. These he finds also to 
be monoclinic, and possessed of optical properties that make it possible 

to systematize them in the same way as the elastic micas. Thus our 

knowledge of a large number of minerals which before were very imper- 

fectly understood has been much improved. 

ARTIFICIAL MINERALS. 

The synthetic methods of study have always found especial favor in 

France. The impetus given by the men who have so distinguished 

themselves in this way has in the past year brought forward a number 

of new studies, almost all of them French. 

Daubrée’s new book upon experimental geology contains an account 

of all his previous experiments, and noticeable are the methods that he 

has used to make sublimed minerals. The book is very interesting to 

read, though its chief merit is the bringing together in condensed and 

accessible form all the distributed writings of the author upon these 

subjects. 

Fouqué, who some time since succeeded in reproducing the feldspars 

by the simple process of allowing fused mixtures to slowly cool, has by 

the same process made leucite, nephelin, and a variety of rocks that 
are composed of minerals arranged in the same way, and scarcely dis- 

tinguishable from volcanic products. These results both have a geolog- 

ical interest, and are noticed in that section. 
Fouqué and Levy performed the very pretty experiment of fusing 

a mixture of scapolite and hornblende, and obtained by slow cooling 

a mixture of labradorite and pyroxene. One recalls the old experiment 

of Mitscherlich, who fifty years ago fused hornblende and obtained py- 

roxene. One of the very interesting experiments of Fouqué and Levy 

recently performed was that by which they produced feldspars of vari- 

ous degrees of acidity, in which lead, baryta, or strontia were made to 

take the place of the bases ordinarily found in them. 

Velain has examined microscopically the fused ashes of grasses and 

other plants, and found in them tridymite, anorthite, wollastonite, and 

augite. Professor Maskelyn has described an artificial diopside rock 

formed in a Bessemer steel converter. Liebethenite, the copper phos- 



MINERALOGY. Sue 

phate, has been found to be very easily made by Friedel and Sarasin. 

Scoredite, the iron arsenate, has been made by Verneuil and Bourgeois. 

Hautefeuille has made leucite, also an iron leucite, that is one which 
contains iron sesquioxide instead of the usual alumina. Meunier has 

made enstatite, spinel, and corundum. This does not cover the whole 
list, but it is sufficient to show the energy with which the synthetic 
method is being pursued in France. 

Some very interesting experiments have been tried in the way of pro- 

ducing artificially some of the physical features of minerals. Calcite 

has been noticed to be usually in the condition of polysynthetie twins 

when in ordinary limestones, and it has been found that this twinned 
structure can be induced in a simple crystal by pressing it in certain 

directions. Baumhauer has shown how to make a perfect artificial twin 

yet more simply. He takes his jackknife and presses its edge perpen- 

dicularly into the pole edge of a rhomb near its apex. The parts dis- 

placed by the jackknife then assume a position with reference to the 

undisturbed parts as would a rhombohedron twinned with the next 

more obtuse rhombohedral plane as twinning plane. One can thus easily 

get a symmetrically formed twin with its re-entrant angle exactly like 

the calculated angle of the twin. This is a beautiful little experiment 

that any one can try in a moment for himself, but to understand its full 

import and bearing is a deep problem. 

Archeological Mineralogy.— Under the title of “‘Nephrite and Jadeite,” 

Prof. Heinrich Fischer has issued a volume which is the second that he 

has devoted to a description of the results of his studies upon these and 

other minerals, which in prehistoric times were cut into ornaments, 

amulets, stone axes, &c. He has thus in a systematic manner .i3tro- 
duced the study of mineralogy into archeology. With the aid of the 

microscope and all available scientific resources, he has endeavored {4 
find the nature of the stones most prized by the ancients. His long- 

continued studies show him that for an insufficiently understood reason, 
they had a decided preference for green stones, which they brought 

from most distant lands. The stones mostly obtained and modelled 

were: green limestones, apatite, green quartz and serpentine, mica- 

schist, chlorite schists, amazon stone (green feldspar), idocrase epidote, 
hornblende, and pyroxyne; and particularly in Asia and New Zealand, 

the very tough and hard nephrite and jadeite. It will never cease to 

be a wonder how the ancients so beautifully cut and polished these hard 

stones with their poor contrivances, and the archxologists will be thank- 

ful to this eminent mineralogist who has so carefully determined the 

mineral nature of so many of their objects of interest, and systematized 

a great mass of their previously uninteresting material. 

Other extensive works.—The fourteenth communication of Mr. W. G. 

Hankel on the electric properties of minerals has already appeared.. 

He has demonstrated that all minerals possess poles and electric prop- 

erties of one kind or another, and that the distribution of the electricity 
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over the crystals is variable. He has not been able to deduce from his 

studies any very complete system, and the results are therefore rather 

wearisome in their details. 

The optical properties of isomorphous mixtures have been studied by 

Wyrouboff, and Mr. C. Doélter has digested all the analyses of the min- 
erals of the pyroxene family, and also studied their physical characters. 

As a result he has given a classification of the varieties of this mineral, 
which contains some improvements. 

Mr. E. Mallard has issued the first volume of his treatise on geomet- 

rical and physical crystallography, accompanied by an atlas of nine 

plates. The completed work is to cover the field of mineralogy, and is 

of much importance, since no very extensive general treatise on miner- 

alogy has appeared in France since the time of Hauy. 

Prof. J. Reinhard Blum, in his old age, has added a fourth supple- 

ment to his work upon pseudomorphs. The better part of his life may 

be said to have been devoted to this study. His work has become one 

of the classics of mineralogy, and has had much influence in geology. 

He evidently intends that so long as he lives his work shall be kept 

abreast of the times. If heis not longer able to take part in the active 

hard work that is being devoted to this subject, his new supplement 

shows that nothing of importance escapes his attention or evertasks his 

memory. 
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By Pror. WILLIAM G. FARLOW. 

PROGRESS IN 1879. 

During the year 1879 publications on botany have been numerous in 

all departments of the science, especially on the subjects of erypto- 

gamic botany and vegetable physiology, but the number of works of large 

extent and those which the Germans would describe as epoch-making 

is comparatively small. The activity of the botanical world during the 

year is shown, however, by the large numbers of papers containing either 

the results of observations on detailed subjects in vegetable anatomy 

and morphology, or in descriptions of new species, both of phaenogams 

and eryptogams. The proportion of valuable papers relating to the 

effects of light on plants, to the physiological relations of the different 

coloring matters, and to the action of the different forms of ferment is 

also to be noticed. 
GENERAL. 

The Chronological History of Plants, or man’s record of his own ex- 
istence, illustrated through their names, uses, and companionship, is a 
quarto of over 1200 pages by the late Charles Pickering. It is an 

immense collection of scattered facts about different common and culti- 

vated plants, and the press-work is extraordinarily well done. Gray’s 

Botanical Text-Book, Part I, Structural Botany, now appears as one of 

a series of three volumes, of which the second and third volumes are 

to be devoted respectively to physiological botany and cryptogamic 

botany. The part which has already appeared is modeled on the author’s 

well-known Structural and Systematic Botany, but with much additional 
matter. The first part of Luerssen’s Handbuch der Systematischen Bo- 
_tanik, intended especially for the use of medical students and apothe- 

caries, is devoted to cryptogams, and both text and plates are excellent. 

The Handbuch der Botanik, by Schenk, which forms a part of the Ency- 

clopedie der Naturwissenschaften appeared in part in 1879, and contained 

articles by Hermann Miiller on the Relations between Flowers and their 

Crossing by means of Insects, and by Drude on Insectivorous Plants. 
313 
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VEGETABLE ANATOMY AND PHYSIC LOGY. 

An important paper by Pringsheim on the Action of Light and the 

Function of Chlorophyl was communicated to the Berlin Academy in 

July of this year. The paper is in the nature of a somewhat lengthy 

preliminary communication which the writer intends to give in full with 
illustrations in his Jahrbiicher. Pringsheim reports the discovery of a 

substance, to which he gives the name of Hypochlorin or Hypochromyl, 

which is obtained from chlorophyl-bearing tissues by allowing them to 

remain in dilute hydrochloric acid for several hours. The Hypochlorin 

then appears in the form of small, viscid drops or masses of semi-fluid 

consistency, which ultimately are transformed into long, reddish-brown, 

indistinetly crystalline needles. According to Pringsheim, he has proved 

that chlorophyl, by its power of regulating plant-respiration in light by 

means of its absorption of the most active chemical rays, depresses the 

amount of respiration in green plants exposed to the light below the 

amount of assimilation, and so makes possible the accumulation of car- 

bon-products and tbe persistence of the plant in the light. Hoppe-Seyler 

has discovered a substance to which he gives the name of Chlorophyllan, 
which has the form of dark green, velvety-looking plates, which are 

curved and often united in rosettes. Gautier, in the Comptes Rendus, 
regards the chlorophyllan of Hoppe-Seyler as crystallized chlorophyl 

itself, and he claims for himself the priority of its discovery. The Helio- 
tropic Phenomena of Plants is the title of a monograph by Wiesner, first 

presented to the Vienna Academy in 1878, but not generally made public 

until the present year. 

The Annales des Sciences contain an article by Bonnier on nectaries, 

and a copiously illustrated paper by Vesque, Sur le Sac Embryonnaire, 

in which he supports the views of Warming as to the signification of the 

embryo-sac, rather than the views of Strasburger. L. Koch, in his mono- 
graph of the Development of the Crassulacee, gives a large number of 

finely drawn plates of the microscopic structure of species of that order. 

The mode of fertilization in Zostera marina has been studied by Engler, 

who criticises unfavorably the views on the subject formerly held by 

Hofmeister. 

The American Naturalist contains a number of short papers on fertil- 

ization, among which may be mentioned: Certain Contrivances for Cross- 

Sertilization in Flowers, by Prof. J. E. Todd; On the Fertilization of several 
species of Lobelia, by William Trelease ; The Fertilization of our native 

species of Clitoria and Centrosema, also by Trelease; and On the Fertili- 
zation of Yucca, by Thomas Meehan, a paper read before the Am. Ass. 

for the Advane. Science. In the Botanical Gazette are papers on Tri- 

morphism in Lithospermum canescens, by E. F. Smith, and on Sexual differ- 

entiation in Lpigea repens, by L. F. Ward, and a note on the movement 

of the stamens of Sabbatia angularis, by the same author. In the Am. 

Journ. Science Prof. W. J. Beal describes his Experiments in Cross-breed- 
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ing plants of the same variety, his conclusion being that the crossing is 
highly favorable. 

: DISEASES OF PLANTS. 

The coffee-leaf disease produced by Hemileia vastatrix is described 

and illustrated in an article by R. Abbay in the Journ. Linn. Soe. In 

Fungi Pomicoli, Von Thuemen gives a summary of the fungi which at- 

tack the common fruit trees. A disease attacking seedling beech plants; 

supposed to be caused by Phytophthora Fagi, and the distortions of spru- 

ces produced by Nectria cucurbitula are described by Hartig in the Forst- 

wiss. Centralblatt. Reinke and Berthold describe the manner in 

which potatoes are decomposed by the action of fungi in the proceedings 

of the botanical laboratory in Gottingen, and Thomas describes a large 
number of galls produced in plants by different insects, in the Zeitschrift 

fiir die gesammten Naturwissenschaften. A general treatise on Diseases 

of cultivated plants produced by Fungi by Winter has appeared from 

the press of Scholze, in Leipsic. The appearance in France of the onion 

smut, Urocystis Cepule, well known in some parts of the United States, 

has been recorded by Cornu, and the same botanist published several 

communications on the disease of the vine known as anthracose, or, as it 

is frequently called, anthrachnose. Planchon and Cornu do not agree - 

with regard to the fungus producing the disease in question, the former 

thinking the fungus to be Sphaceloma ampelinum De Bary, and the 

latter, Phoma uvicola Berk. and Curt. Under the title of Ampelomiceti 

Italici, Spegazzini has continued his account of the fungi attacking 

grapes in the Rivista della viticultura. In Die Pocken des Weinstockes 

Von Thuemen gives his observations on Gleosporium ampelophagum, a 

fungus which attacks grapes. 

THALLOPHYTES. 

Alge.—Of papers relating to the alge of the United States but 

little ean be said. The Bull. Torrey Club contains some new fresh-water 

species by Wolle, and the Am. Naturalist contains a preliminary report 

by Farlow on alge collected by Prof. A. S. Packard in the Great Salt 

Lake. Nor have works on alg in foreign countries been as numerous 
as usual. The second part of Cohn’s Kryptogamen Flora von Schlesien 

contains the algw elaborated by Kirchner, and the Nuovo Giorn. Bot. 

Ital. contains a paper by Borzi on the Morphology and Biology of the 

Phycochromacee. Kjellman, in a short paper, illustrated by a chart, 

gives an account of the distribution of alge by regions on the Skager- 

Rack. Prof. E. P. Wright has two illustrated papers in the Transac- 

tions of the Royal Irish Academy: On the cell structure of Griffithsia 

setacea and on the development of its antheridia and tetraspores, and On 

the so-called Siphons and on the development of the tetraspores in Poty- 

siphonia. The Trans. Linn. Soe. contains an account, by D. D. Cunning- 

ham, of a curious new genus, the single species of which, Mycoidea 
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parasitica, grows as a parasite on the leaves of the tea plant, the mango, 
and other plants. Zopf, in a small pamphlet, has described and figured 

the stages of development of Crenothrix polyspora, a species which 

causes pollution of the water at Berlin and other places. 

The cause of the motion of Oscillariw and Diatoms has been studied 

by T. W. Engelmann, who, in an article in the Botanische Zeitung, 
states that it is owing to the presence and contraction of a thin external 

layer of protoplasm. Stahl found that when desmids are exposed to 

the light they undergo certain peculiar motions, viz, their long diame- 

ters are in the direction of the light, the distal end of the cells being 

attached to the substratum, and at more or less regular periods the 
cells make a half revolution, so that what was the distal end becomes 
the forward end. Stahl also has a paper in the Botanische Zeitung, in 

which he shows that the genus Vaucheria has a resting condition which 

is identical with the so-called species of Gongrosira. Reinke, in Nova 

Acta Leop. Carol., has an illustrated paper on the Cutleriacee of the Gult 

of Naples, in which he claims to have seen the union of the antherozoids 
and oogonia. In the proceedings of the Niederrhein. Gesellsch. Schmitz 

has papers on the Structure of the Cells in Siphonocladiew and on the 

Formation of the Fruit in the Squamariee. 

'  Lichens.—In the department of lichenography very little was pub- 

lished in the United States in the present year, the only notable work 

being the list of lichens contributed by Professor Tuckerman to the 

report of Professor Rothrock, which has already been mentioned. In 

Europe, however, a number of descriptive papers has been published. 

In the Journal Linn. Soe. is an account, by Prof. T. M. Fries, of the lich- 
ens collected during the English Polar Expedition, 1875~76, in which, in 
referring to the list of lichens collected by the Hayes Arctic Expedition 

and published in the Proc. Acad. Nat. Sci. of Philadelphia, he doubts 

the accuracy of the determinations in the case of some of the species 

there mentioned. The Jour. Linn. Soc. also has a paper by Crombie on 

Australian lichens, and the same writer has a notice of new British 

lichens in Grevillea. Leighton’s Lichen-Flora of Great Britain has this 

year passed to a third edition. Additions to the lichen-flora of Europe 

have appeared in Flora and Hedwigia from Arnold and Nylander. The 

last-named writer has also a curious note in Flora entitled Circa Lichenes 

vitricolas Notula. In Cohn’s Kryptogamen Flora von Schlesien, the 

second part of which appeared in 1879, the descriptive part relating to 

lichens was worked up by B. Steih. Inasmuch as Stein himself is a dis- 

ciple of Korber, and not a follower of Schwendener, the general intro- 

duction on the nature of lichens was intrusted to Schreeter, who is a 
Schwendenerite. 

During the year the discussion as to the nature of lichens has been 

carried on in the different journals, epecially in Flora and Grevillea, and 

the articles have mostly been written by botanists opposed to the Schwen- 

dener theory. In Grevillea is a paper by Cooke and in the Revue Mycol- 
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ogique one by Roumeguére, both strongly against the parasitical nature 

of: the lichens. In Grevillea, Crombie, while in general discrediting 

Schwendener’s views, is unwilling to accept Minks’s theory with regard 
to microgonidia, which he believes to ke merely small particles having 

a Brownian motion, as does also Nylander. The most extended work 

on the nature of lichens published this year is an illustrated octavo of 

about 250 pages by Minks, entitled Das Microgonidium, in which his 

well-known views are given in great detail. Inthe Am. Jour. of Science 

Professor Tuckerman, in discussing the question of the gonidiaof lichens, 

states that he has observed microgonidium-like masses in Parmelia tiliacea 

v. flavicans, and in the Bibliothéque Universelle Prof. J. Miiller states 

that he has seen microgonidia in two other species of Parmelia. 

Fungi.—As usual an immense number of new species of fungi has 

been described during the year, principally in a large number of small 

papers scattered through the different journals. In addition to the 

journals, such as Grevillea, Hedwigia, and Michelia, devoted exclusively 

to cryptogams, there appeared this year a new journal, Revue Mycolo- 

gique, devoted exclusively to fungi. It is a large octavo, and is pub- 

lished quarterly under the editorship of M. Casimir Roumeguére of Tou- 

louse. 
In the United States several important papers appeared. ‘The thirty- 

first annual report of the New York State Museum of Natural History 

contains the report of the botanist, Mr. C. H. Peck, in which is em- 

bodied a large amount of mycological matter, including an arrangement 

of the Myxomycetes of New York according to Rostafinski’s classification. 

A second paper, read before the Albany Institute by Mr. Peck, is on the 

United States Species of Lycoperdon. Besides these papers a number of 

new species of American fungi have been described in the Botanical 

Gazette by Peck, in Grevillea by Cooke and Ellis, and by Von Thuemen 

in the Bull. Torrey Club and Revue Mycologique. A Californian species, 

Helvella Californica, is described and figured by W. Philips in the 

Trans. Linn. Soe. In the Am. Quart. Micros. Journ. is a paper by F. B. 

Hines, Observations on several forms of Saprolegniee. Several works of 

importance have appeared in Europe. The Mycographia of Cooke has 

been continued, and the first volume brought to completion. Berkeley 

and Broome have described new species from Queensland in the Trans. 

Linn. Soe. The fourth part of Karsten’s Mycologia Fennica has appeared, 

including the Hypodermii, Phycomycetes, and Myxomycetes, also the Dis- 

comycetes of Gillet’s Champignons de la France. Oudemans has pub- 

lished. several papers on fungi of the Netherlands in the Archives Neer- 

Jandaises, and for Scotland one must note the Mycologia Scottica of 
J. Stevenson. The Revue Mycologique contains a number of papers by 

Roumeguére relating to fungi new to France, as well as some entirely 

new species as Rupinia Pyrenaica. Hedwigia contains a number of 

notices of Swiss fungi, by Winter, especially of fungi of the order Ure 

dinew. Besides papers already enumerated, Cooke has descriptions of 



318 BOTANY. 

British fungi and a paper on anew genus, Peniophora, in Grevillea. The 
articles by Von Thuemen are numerous and scattered in several jour- 

nals, and include descriptions of species from Egypt, Siberia, Germany, 

and other countries. 

The development of Acidium abietinum has been very carefully studied 
by De Bary, who connects it with stylosporic and final forms found on 

alpine species of Rhododendron. A nearly related form is found in Fin- 

land, on Ledum, according to Woronin. In a paper on the Development 

of some Uredinee in the Beitriige zur Biologie, Schroeter gives an ac- 
count of the development of a Uredo on Ledum, and a detailed account of 

a number of different Puccinia. Cornu has published a number of scat- 

tered notes in the Bull. Soc. France, of which may be mentioned in this 
connection some Remarks on Uredinee, especially the genus Roestelia. ° 

HIGHER CRYPTOGAMS AND MUSCINEZ. 

In this country the principal work published during the year has been 

the continuation of Eaton’s Ferns of North America. The same writer 

alse published in the Bull. Torr. Club a paper on New and little-known 

Ferns of the United States, the species mentioned being principally from 

Florida. <A second illustrated work is Fern Htchings, by John William- 

son, which contains illustrations of 68 ferns of the United States. Baker 
has described, in the London Journal of Botany, ferns from Borneo, the 
Fiji Islands, and the Sulu Archipelago. 

In mosses we have a paper by Lesquereux and James in the Proce. 

Am. Acad. of Arts and Sciences, entitled Descriptions of some new species 

of North American Mosses, with a note by W. P. Schimper, and three 
papers by C. F. Austin, one on Some New Musei, in the Botanical Gazette, 

and Bryological Notes and Notes on Hepaticology, inthe Bull. Torr. Club. 

In the last article, besides species of the United States, a number of 
species were described from the Sandwich Islands. Of foreign writings 

on mosses and hepatics, we may mention papers by Lindberg on northern 

liverworts and mosses, Massalongo’s Hepaticologia Veneta in the pro- 

ceedings of the Soc. Veneto-Trentina, and Hampe’s Enumeration of some 
Brazilian Mosses. — 

Of developmental papers and those concerned with minute anatomy 

in this department of botany the Untersuchungen iiber Lebermoose, by 

Leitgeb, deserve especial notice. Of the work just named, parts four 

and five appeared in 1879, and treated of the Riccew and Anthoceratee. 

The same writer also published a paper on the development of ferns in 

the proceedings of the Vienna Academy of Sciences. The sexual gen- 

eration of the Marrattiee was described and fally illustrated by Jonk- 

mann in a pamphlet published at Utrecht. Bauke, in a study of the 

prothalli of Platyceriwm grande, came to the conclusion that the bilateral 

form of the prothalli was not-owing to any inherent property, but to the 

action of gravity. In a short paper in Flora, Bauke also has some re- 
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marks on the prothallus of Salvinia natans. Goebel, in the Botanische 
Zeitung, mentions a peculiar formation of shoots on leaves of Isoetes. 

In Characee we have to notice the appearance of Characew Americane 

in two fascieuli by Dr. T. F. Allen, including Chara gymnopus var. ele- 

gans, A. Br. and C. crinita var. americana, of which descriptions and 
colored plates are given. The proceedings of the Boston Society of 

Natural History contain a paper by b. D. Halsted on the Classification 

and Description of the American Species of Characew. The systematic 

position of the Characee was discussed by 8S. H. Vines in a paper in the 

Journal of Botany entitled The Pro-embryo of Chara, and he considers 

that the order forms an independent group intermediate between the 

Carposporee and the Muscinee. ‘ 

PHAZNOGAMS. 

Among the descriptive works on North American plants may be men, 

tioned Reports upon the Botanical Collections made in portions of Nevada, 

Colorado, New Mexico, and Arizona during the years 1871~75, by J.T. 
Rothrock. The work forms a part of the reports on the geological sur- 

veys west of the 100th meridian made under the charge of Lieut. G. M. 

Wheeler, and is a large quarto, with finely executed plates by Sprague. 

In the elaboration of special orders and genera, Professor Rothrock was 
assisted by the following gentlemen: S. Watson, George Engelmann, 

T. C. Porter, M. S. Bebb, William Boott, George Vasey, D. C. Eaton, 
T. P. James, and Edward Tuckermann. The descriptive portion of the 
work is preceded by notes on the general character of the vegetation of 

Colorado and New Mexico and notes on the economical properties of a 

number of species. The botanical contributions of Prof. A. Gray consist 

of two papers published in the Proceedings of the American Academy 

of Arts and Sciences; Characters of some new species of Composite in the 

Mexican collection made by ©. C. Parry and Edward Palmer, chiefly in 

the Province of San Luis Potosi in 1878; and Some new North American 

genera, species, &c. The new genera are Suksdorfia, from the Columbia 

River, and Howellia, from Oregon. In the same Proceedings are two 
papers by Mr. Sereno Watson: Revision of the North American Liliacee 

and Description of some New Species of North American Plants. In the 

last-named paper, which includes the new genus Hollisteria, the species 

described are principally from the west coast and from Florida, the 

greater part having been collected by Dr. E. Palmer. Besides the 

papers above named, there has appeared a number of shorter papers 

and notes in the different journals, among which may be enumerated 

Notes on Baptisia, by W. M. Canby, in the Botanical Gazette; Notes on 

Vitis, by Dr. George Engelmann, and Ballast Plants in New York City, by 

Addison Brown, in the Bulletin of the Torrey Club; Colorado Plants, 
by I. C. Martindale, in the American Naturalist ; and Catalogue of the 

Phenogamous and vascular Cryptogamous Plants collected in Dakota and 
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Montana, by Prof. J. W. Chickering, in the Bulletin U.S. Geol. and Geog. 

Survey. The American Journal of Science contains a paper by Prof. C. 

S. Sargent on the Forests of Central Nevada, with some remarks on those of 

the adjacent regions, in which the comparative distribution of trees and 
shrubs in the Rocky Mountain, the Nevada, and the Sierra Nevada 

regions is discussed, and in the same journal is a paper by Professor 

Gray on the Pertinacity and Predominance of Weeds, in which he comes 

to the conclusion that ‘ self-fertilization is neither the cause, nor a per- 

ceptible cause, of the prepotency of the European plants which are weeds 

in North America.” In addition to the papers above enumerated are 

two others by foreign writers, which treat of North American plants ; 

one by A. W. Bennett, on Polygale Americana, in the Journal of Botany, 

and one on the Flora of the Saint Croix and Virgin Islands, published in 

the Bulletin U. 8. National Museum, by Baron H. F. A. Eggers. 

Of the very numerous papers on local European floras nothing need 

be said at present. The Conspectus Flore Europee, by Nyman, of 

which the first fasciculus was announced in 1878, has been continued, 
and has for its useful object the collation of the floras of the different 

European countries. Ot foreign works should be mentioned the second 

volume of Hooker’s Flora of British India and the continuation of 

Boissier’s Flora Orientalis. One of the most sumptuous works which 

appeared during the year was Aroidee Marimiliane, by Schott and 

Peyritsch, containing magnificent colored folio plates of the Aroids col- 

lected during the journey of the Emperor Maximilian I to Brazil. The 

Archives du Muséum contain monographs of the genera Ligustrum and 

Syringa, by Decaisne, and in the Proc. Bot. Soe. of Edinburgh is a 

monograph by Bennett of the genus Halophila, which enters into the 

microscopic structure of the species. In an elaborate paper, entitled 

Methodik der Speciesbeschreibung und Rubus, the writer, Dr. Otto Kuntze, 
discusses the variability of the species of that genus, and proposes a new 

method of nomenclature by means of symbols, a proposition which has met 

with very little favor from systematic botanists. Beccari, ina work issued 

in parts under the title of Malesia, has published the results of his travels 

in the Malayan Archipelago, and the same author in the Zeitschrift 

Oesterr. Vereins describes a gigantic aroid, Amorphophallus Titanum, 

from Sumatra. In this connection reference should be made to Hooker 

and Ball’s Marocco and the Great Atlas, which, although not a purely 

botanical work, treats largely of the plants of that country. The Flora 

Brasiliensis has been continued, and in 1879 there appeared the Gram- 

inew, by Dill; Lobeliacew, by Kanitz; Plumbaginew and Plantaginee, by 

Schmidt. An important economical as well as botanical contribution is 

Todaro’s Account of the Cultivation of Cotton in Italy, followed by a 

monograph on the genus Gossypium, a work published at Rome and 

consisting of about three hundred pages of text with twelve folio plates. 
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PROGRESS IN 1880. 

GENERAL. 

One of the important works published during the yearis La Phytogra- 
phie or the art of describing plants considered from different points of 
view, by A. De Candolle. Besides the instructive considerations on 
nomenclature and descriptions, there is given a list of principal herbaria 
and the authentic collections which they contain. We must alsomention 
the Index perfectus ad Caroli Linnaei species Plantarum, nempe earum 
primam editionem, by Baron F. von Mueller. A valuable new journal 
has appeared during the year, the Botanisches Centralblatt, edited by Dr. 
Oscar Uhlworm, assisted bya numberof specialists. It is issued weekly 
by Theodor Fischer, Cassel, and has for its object the presentation of 
short reviews and notices of botanical works and society communiea- 
tions as soon as possible after their publication. The journal also in- 
cludes a certain number of original communications. The number of 
botanical text-books which has appeared during the year is rather large. 
We would mention first, Botany for High Schools and Colleges, by Prof. 
C. E. Bessey, which forms one of the American Science Series issued by 
Henry Holt & Co. The book covers all the departments of botany, and 
is copiously illustrated. An Historical Sketch of the Science of Botany 
in North America from 1840-1858, by Frederick Brendel, is finished in 
the American Naturalist for 1880. Of the numerous European text- 
books mention should be made of N. J. C. Miiller’s Handbuch der Botanik, 
in two volumes; Reinke’s Lehrbuch der allgemeinen Botanik ; Behrens’s 
Method-Lehrbuch der allgem. Botanik, and Warming’s Den almindelige 
Botanih. 

VEGETABLE ANATOMY AND PHYSIOLOGY. 

The structure of sieve-cells has been treated in two papers by Jane- 
zewski, and by Wilhelm. The distribution of stomata on the subterran- 
ean parts of plants has been studied by Hohnfeldt, and the Am. Natural- 
ist contains a paper by W. K. Higby, on the Microscopic Crystals con- 
tained in Piants. On the subject of morphology of special plants, we 
may mention A. F. W. Schimper’s The Vegetative Organs of Prosopanche. 
The Beitraige zur Biologie contains a paper by Klein, on the structure 
of Pinguicula alpina, an insectivorous plant. In the Proce. toyal Soe. 
is a paper by Vines, on the Chemical Composition of Aleurone-grains. 
The aleurone grains in Pwonia are completely soluble in water; in some 
other plants they are not. Aleurone grains are always surrounded by 
an insoluble membrane which contributes to the formation of the net- 
work which remains after the soluble parts have been removed. Ina 
paper on the Origin of Starch-grains, by Schimper, the writer expresses 
views contrary to those formerly advanced by N aegeli, and he describes 

5. Mis. 31 21 
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bodies to which the name of stirkebildner is given, from which starch 
may be formed as well as from chlorophyl grains. 

The germination of Welwitschia has been observed by Bower. Dr. 
Engelmann, in the Trans. Saint Louis Academy, has some notes on the 

Germination of Acorns, and in the Bot. Gazette, on the Vitality of the 

seeds of serotinous cones. Prof. Sargent also discusses in the Gazette the 
Vitality of the Seeds of Pinus contorta. The Am. Naturalist contains 
papers by Professor Bessey, on the supposed Dimorphisin of Lithosper- 

mum longiflorwm, and by Professor Todd on the Flowering of Saxifraga 

tomentosa. Meehan, in the Proc. Am. Acad. of Philadelphia, calls atten- 
tion to the Disarticulacing branches in Ampelopsis. 

Two papers by Goebel should be mentioned: one on the Morphology 

of the Leaf, and the other on Dorsiventral Growth, of which a large 
number of instances are given. The Arbeiten des Botanischen Insti- 

tuts, Wiirzburg, contains a number of important papers on physiology: 

Sachs on Material and Form of Plant Organs ; Elfving on Some Hort- 

contally growing Rhizomata ; Wortmann on the Relations of the Intra- 

molecular to Normal Respiration’ in Plants ; and by Francis Darwin on 

the Growth of negative heliotropic Roots in Light and in Darkness. The 
Influence of the Direction and Strength of the Illumination on some Forms 

of Motion in Plants, is the title of a paper by Stahl, in the Bot. Zeitung. 

Species of Mesocarpus according to Stahl are especially instructive, as 

in this genus the band of chlorophyl rotates so that by strong illumina- 

tion it lies in the direction of the light; by weak illumination at right 
angles to it. Stahl also describes the change of position of chlorophyl 

grains in cells depending on variations in the illumination. Schwen- 

dener has studied the subject of several-celled scheitels, and thinks that 
although such scheitels exist, they are always composed of fewer cells 

than has been generally believed, and in the case of Marratia, he differs 

with Russow in only recognizing the existence of four cells. 

BACTERIA. 

It is only possible to enumerate in this connection comparatively 

few works having a botanical bearing, the majority of the papers on 

bacteria being more directly concerned with pathological or chemical 

questions. The Beitrige zur Biologie contains a paper by Neelsen, 

called Studies on Blue Milk, in which the writer gives the results of 
careful investigations on the cause of the blue color which is some- 

times found in milk. He examined milk which had become blue spon- 

taneously, and was able to produce the color in healthy milk by a pro- 

cess of inoculation, and ascertain by experiment the conditions which 
favored or retarded the production of the blue color. Of external 

conditions favoring the production of blue milk the light has no in- 

fluence, and the temperature within moderate limits has only a slight 

influence. On the other hand, the presence of free oxygen and atmos- 
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pheric moisture is essential for its production. The coloring matter of 

the blue milk is not combined with the bacteria which may be present, 
but is dissolved in the serum of the milk. A microscopic examination 

shows the presence of small rod-like-bodies, which ultimately form 

torula-like chains. According to Neelsen, the cells of the chain, which 

he calls gonidia, remain dormant unless placed im fresh milk, in which 
case they germinate. Tommasi-Crudelli and Klebs have studied the 

origin of malarial fever, and conclude that malarial affections which they 

induced experimentally were produced by organisms which were in the 

ground in malarial districts before the outbreak of the fever, and 

whose transmission in the air could be directly observed under definite 

conditions of dampness and moisture. The organism which greatly 

resembles Bacillus subtilis has been named B. malaria. Hansen claims 

the priority of having discovered the cause of leprosy to be an organ- 

ism named Bacillus leprae. 
One of the most important papers published during year is that of 

Dr. Hans Buchner, On the experimental production of the Contagium of 

Splenic Fever from Bacillus subtilis, with observations on theintroduction 

of splenic fever through the organs of respiration. As is well known, 

Bacillus subtilis, a common bacterial form found in decoctions of hay, 

can scarcely be distinguished morphologically from Bacillus anthracis, 

which is supposed to produce splenic fever in different animals. Buch- 

ner undertook to ascertain whether, by varying the conditions of growth, 

either of these two species might not be transformed into the other; 

that is, B. anthracis might not become harmless when inoculated and 

B. subtilis might not produce splenic fever. He found by cultivation of 

B. anthracis in difterent solutions, as a solution of Liebig’s extract of 

meat, that it gradually lost its power of producing splenic fever when 

inoculated, and at the end of what he calls 1,500 generations of the 

fungus he saw no difference, pathologically speaking, between the two 

species in question. On the other hand, Bacillus subtilis, which had for 

a certain length of time been cultivated in defibrinated blood, when in- 

jected into different animals produced symptoms of splenic fever.” The 

comparative distribution of bacteria in the air has been studied by Mi- 

quel, who finds that they are much more numerous In summer than in 

winter, and he states further that an increase of the amount of bacteria 

is followed in a few days by an increase in the number of deaths from 

contagious and epidemic diseases. The communications of Pasteur on 

the cholera of fowls, and the etiology of splenic fever, and the means of 

prophylaxis, belong rather to the department of pathology than botany. 

A paper on the Cause of Blight in Pear Trees was read by Prof. T. J. Bur- 

rell before the Am. Assoc. Adv. of Science, in which he attributed the 

disease to the presence of a minute bacterial form. Toa similar cause 

it is also probable that the so-called yellows in peaches is to be attrib- 

uted. Dr. George Sternberg, U.S. A., has issued a translation of Mag- 

nin’s Les Bactéries, to which he has added original notes and plates. 
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DISEASES OF PLANTS. 

During the year numerous notices have appeared in regard to the 

spread of the American vine mildew, Peronospora viticola, to the vine- 

yards of Europe, where it is said to be causing great harm, especially in 

Italy. The fungus has been found in several parts of France, Switzer- 
land, Germany as far east as Austria, and in Italy. Rathay has de- 

scribed a deformity of cherry trees produced by Hxoascus Wiesnert. 

Hartig has published a number of papers on injurious fungi in a peri- 

odical called Untersuchungen aus dem Forstbotanischen Institut, the princi- 
pal of which are Rosellinia quercina, which attacks the roots of oaks ; 
Phytophthora Fagi, which attacks seedling beeches ; Peziza Willkommii, 

which causes a distortion of the larch; and Nectria Cucurbitula, which 

attacks the bark of spruces. The coffee-leaf disease, Hemileia vastatrix, 

has been studied by D. Morris, and a preliminary report on the same 

subject has been made by H. M. Ward, who was sent by the British 

Government to Ceylon to investigate the subject. Die Blasenrost Pilze 

der Coniferen, a monograph of the genus Peridermium, by Von Thiimen, 

contains an account of the aecidial forms attacking Conifere, and 
includes a number of species found in the United States. 

THALLOPHYTES. 

Algw.—New American species of alge have been described in the 

Bull. Torrey club by Wolle. In the first annual Rep’t. Mass. State Board 

of Health, Charity,and Lunacy 1s a paper by W. G. Farlow on Some Iin- 

purities of Drinking- Water, with two plates, illustrating the common 

species which produce the disagreeable odor sometimes found in the 

water supplies of Boston. 

The most important work on algee which has appeared during the 

year is Florideernes Morphologi by Agardh. This is a large quarto with 

33 colored plates, and was originally presented at the Swedish Royal 

Academy of Science in 1877, and bears the date of publication 1579, but 

was not received in this country until 1880. The work is in Swedish, 

and embodies the author’s views with regard to the structure of the 

frond and fruit of the red-seaweeds. The text has been translated into 

a Latin form, and under the title of Morphologia Floridearum has been 

issued as an octavo with plates forming part li of the third volume of 

the Species Genera et Ordines Algarum. Areschoug, in the Bot. Notiser, 

founds a new genus Oxvyglossum on Laminaria japonica, a species for- 

merly included in L. saccharina. Kjellman, in Bot. Tidsk, gives an ac- 

count of Icelandic alge, and remarks that the alga flora of Iceland more 

closely resembles that of Northern Scandinavia than that of Spitzber- 

gen and Greenland. Kuntze, in Engler’s Jahrbiicher, and also in Nature, 

gives some observations on the distribution of the gulf-weed, and ex- 

presses doubts as to the existenee of a genuine sargasso-sea, as de- 

scribed by Humboldt and others. He also gives a revision of the ge- 
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nus Sargassum, in which he very much reduces the number of accepted 

species of that genus. In the Journ. Linn. Soc. Dickie has some Notes 

on Alge from the Amazon and its tributaries. For Central Europe we 

have to mention the Contributions to the Alga-flora of Wiirtemberg, by 

Kirchner. Woronin, in the Botanische Zeitung, describes a new Vau- 

cheria, V. De Baryana, and a curious algoid parasite, Chromophyton Ros- 

anoffii, found in shallow pools in Finland. 

In the Mitth. aus der Zoolog. Station of Naples is a paper by Berthold, 

Zur Kenntniss der Siphoneen und Bangiaceen, in which he describes the fer- 

tilization in Bangia, and the same writer also describes the Sexual Re- 
production in Dasycladus claveformis. Schmitz describes the formation 

of sporangia in the genus Halimeda. In Hedwigia P. Richter gives his 

views on the transformations which the genius Gloeocystis undergoes. 

Borzi has discovered antherozoids in Hildenbrandtia, which indicate its 

affinities with the Squamariew. Ambronn notices some Cases of Bilater- 

ality in Florideae in the Bot. Zeitung. Grevillea contains an account by 

M. ©. Cooke of Desmids found in Great Britain since the publication of 

Ralfs’s Desmidiacee. 
Lichens.—But very little has appeared in this department. Several 

short articles were published in Flora, among which were Addenda nova 
ad lichenographiam europeam; Lichenes nonnulli insule St. Thome, by 

Nylander; the continuation of Arnold’s papers on Tyrolese lichens and 

Lichenological Contributions by J. Miiller. A monograph of the Scandina- 

vian Arthoniv has been published by Almquist, and descriptions of spe- 

cies from Australia and the Argentine Republic have been published by 

Krempelhuber. A paper wasread by George Murray before the Linnean 

Society, in which he suggested that in the gonida of lichens we have 

what might be called a chlorophyl-screen by means of which the hyphae 

are able to decompose carbonie acid. In Cohn’s Beitrage zur Biologie 

is an interesting paper by Dr. Frank Schwarz, called Chemisch-botanische 

Studien iber die in den Flechten vorkommenden Flechtensaiiren, in which 

he net only discusses the different acids, as chrysophanic, lecanoric, 

erythrinic and everni¢ acids, in relation to their chemical composi- 

tion, but also from an histological study of the thalli of different lich- 

ens has attempted to ascertain exactly where the acids are found in the 

thallus. 

Fungi.—On fungi relating to the United States several papers have 

been published. In the Bull. Torrey club is a description of a new fun- 

gus, Simblum rubescens, by W. R. Gerard, with two plates. This curious 

fungus belongs to the Phalloidei, and at the end of the paper mentioned 

Gerard gives a list of the species of Phalloidet found in the United States. 

The same writer has also two-other papers in the Bulletin on Additions 

to the U. S. Phalloidei, and Correlation between the Odor of the Phalloids 
and their Relative Frequency. Inthe same journal is a paper by Peck on 

Polyporus volwatus and its varieties, in which he founds a new genus 

Cryptoporus on this species, and an article by J. B. Ellison a New Sphae- 
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ria on Grapes, Sphaeria Bidwellii, which he regards as the ascigerous con- 

dition of Phoma uvicola B. and C. In the Bot. Gazette are Notes on 

Fungi, by M. E. Banning, and North American Species of Septoria, by Von 

Thuemen ; a Catalogue of the Pacific Coast Fungi, by H. W. Harkness and 

J. P. Moore, including a large number of species, was read before the 

California Academy of Sciences and afterwards issued in an octavo form. 

Grevillea contains papers on California fungi, by Cooke and Harkness, 

and on New York fungi, -by Cooke. 

The fungi of the herbarium of the late Wlle Libert have been the sub- 

ject of papers in Grevillea by Cooke, Reliquae Inbertiane, and by Rou- 

meguére and Spegazzini in the Revue Mycologique, Revisio Reliquice 

Libertiane, and specimens have been distributed also by Von Thiiemen 

in Mycotheca Universalis. Cooke has a number of papers in Grevillea; 

Observations on Peziza; on Hymenochaete and its allies; descriptions of 

British and Indian fungi; and South African and Australian fungi by 

Kalchbrenner and Cooke. Hedwigia has a number of notices of Swiss 

fungi, especially Uredinee, by Winter, and new fungi trom the Jura and 

the Vosges are described in Grevillea by Quelet. Additions to the 

mycological flora of Finland have been made by Karsten, and to the 

Italian flora by Saccardo, Spegazzini, and Passerini in Michelia, and 

the Atti Soe. Critt. Ital. The Revue Mycologique contains deseriptions 

of new fungi by Roumeguére, Von Thiimen, Passerini, Spegazzini, and 

others. 

Developmental works on fungi have not been numerous. Hartig has 

connected Calyptospora Goeppertiana Kiihn with dcidium columnare A. 

and S. by means of experimental cultures. Rathay experimented on the 

connection between different species of Gymnosporangium and Roestelia, 

and differs from Oersted in believing that &. penicillata is the aecidial 

form of G. Juniperinum, and not of G. clavarieforme. The development 

of the spores in Urocystis colchict has been observed by Prilleux, who 

has a paper on the subject in the Annales des Sciences. In the Beit- 

rage Zur Biologie is a paper by Eidam, Beitrag Zur Kenntniss der Gym- 

noasceen, in which he gives the development of Ctenomyces serratus and 

Gymnoascus uncinatus. Fischer, in the Botanische Zeitung, has shown 

that the enigmatical round and spiny bodies found in Saprolegnia spe- 

cies are not organs of the Saprolegnia, but parasites, apparently related 

to Chytridium. Reinke has studied the chemical composition of the plas- 

modium of Aethalium septicum, the principal constituent of which he finds 

to be plastin, which he has studied in detail. 

ARCHEGONIATA. 

In the United States, the principal publication has been the Ferns of 

North America, by Professor Eaton, which reached completion this year, 

including in all 181 plates and accompanying descriptions. Besides 

this principal work there is a paper in the Bull. Torrey Club, on New or 
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little known Ferns of the United States, by the same writer ; who has also 

issued a Systematic Fern-List of the species of this country. In the Bull. 
Torr. Club are two papers by G. E. Davenport, on a new species, Notho- 

lena Gray, from Arizona, and on Vernation in Botrychium boreale, and 

a paper on Ferns of the Cumberland, by John Williamson. ‘The occur- 

rence of the rare Schizea pusilla in Nova Scotia is recorded by Pro- 

fessor Gray in the Bot. Gazette. In the same journal are notes by Pro- 

fessor Gray and E. J. Loomis on an automatic movement of the frond 

of Asplenium Trichomanes. 

Baker describes some new ferns, collected by Beceari in Sumatra, 

and a collection from Madagasear by Langley Kitching in the Journal 

of Botany, where the same writer has also published a Synopsis of the 

Species of Isoetes. In the Trans. Linn. Soe. is a Review of the Ferns of 

Northern India, by C. B. Clarke. 
In the department of mosses and hepatics there has appeared in the 

United States a Catalogue of North American Mosses, by E. A. Rau and 

A. B. Hervey, and Bryological Notes and Criticisms, by C. F. Austin, in 

the Bull. Torrey Club. An important work is Sphagnacece of Europe 

and North America, by R. Braithwaite, and the British Moss-Flora, part 2, 

including the Buxbaumiacee and Georgiacee, by the same author. The 

Annales des Sciences contain a paper by Bescherelle, entitled Florule 

Bryologique de la Réunion, which also includes mosses from other neigh- 

boring islands. Lindberg has published notes on Seandinavian mosses 

and C. Miiller a Prodromus Bryologie Argentine, the last named 

paper being a continuation in the Revue Bryologique. In Grevillea 

and in the Trans. of Bot. Soc. of Edinburgh are notes on British Hepatice 

by Carrington. The Jungermanniacee have been studied by Gottsche 

who has published new observations on the Geocalycew and Stephani 

has published a paper on the Jungermanniacee of Germany with illus- 

trations. 

Treating of Characee we have to notice the appearance of two num- 

bers of the Characece of America, by Dr. T. F. Allen, in which three 

species of Nitella and three of Chara are described and figured. Dr. 

Allen has also an article in the Bull. Torr. Club on the Similarity between 

the Characee of America and Asia in which he calls special attention to 

Nitella polyglochin A. Br. and Chara Hydropitys Reichenb. A Review of 

the British Characee, by Henry and James Groves, is given in the 

Journal of Botany. 

On the general development of the higher cryptogams is to be men- 

tioned Die Gefisskryptogamen by Sadebeck, in the Encyklopaedie der 

Naturwissenschaften and Goebel’s Embryologie der Archegoniaten in 

Arbeiten Bot. Instituts in Wurzburg. Leitgeb has published several 

important papers on Marchantiacee, especially with reference to their 

inflorescence and stomata in the proceedings of the Vienna Academy. 

Cramer has an illustrated paper on the Non-sexual increase of the Fern- 
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prothallus, in which he figures some curious forms of buds and what he 
calls conidia, and in Kosmos is an article by Dodel-Port on the peculiar 

forms which fern-prothalli assume when grown under water. 

PH ANOGAMS. 

The most important work published during the year in the United 

States is the second and final volume of the Flora of California, by 
Sereno Watson. The work was published under the auspices of the 

Geological Survey of California, aided by private subscriptions. In the 

work Mr. Watson was aided by Dr. Engelmann, who elaborated the oaks, 

pines, and Loranthacee ; by M.S. Bebb on the willows; William Boot 

on Carices; Dr. George Thurber on the grasses; and Professor Eaton 

on the higher cryptogams. The work ends with the mosses, the lower 

cryptogams being entirely omitted. The appendix contains a glossary 

and a List of Persons who have made botanical collections in California, 

by Prof. W. H. Brewer. The botanical contributions of Professor Gray 

in the Proc. Am. Acad. Arts and Sciences comprise Notes on some Composi- 

te, which form a sort of prodromus of that order in the Synoptical Flora ; 

Some Species of Asclepias; A New Genus of Gentianacee, Geniostemon 

including two Mexican species; and Miscellanew of the North American 

Flora, including the new genus Reverchonia. The Vegetation of the Rocky 

Mountain Region, by Professor Gray and Sir J. D. Hooker, published in 

the Bull. U. 8S. Geol. and Geog. Survey, although bearing the date 1880, 

was not in reality made generally public until 1851. The Trans. St. 

Louis Academy contain a Revision of the genus Pinus and Description of 

Pinus Elliottii, by Dr. Engelmann, with three folio plates by Roetter. 

In the Botanical Gazette are several notices by Professor Gray, of which 

may be mentioned an account of the genus Leavenworthia, of which 

four species are described. In the same journal Engelmann describes 

a new species of Catalpa, C. speciosa; Mr. T. Morong describes some 

new species of Potamogeton, and Professor Porter anew species, Haben- 

aria Garberi. Bailey gives an account of Michigan Lake Shore Plants ; 

I. C. Martindale, under the title of Germination and Growth of Parasitic 

Plants, relates his experience with Orobanche minor. ‘The same botanist 

gives an account of the so-called Bartram Oak, in which he concludes 

that Quercus heterophylla Mchx. is a distinet species. J. Donnell Smith 

has in Bull. Torr. Club a note on Wolfia gladiata var. Floridana, in 

which he includes some remarks by Hegelmaier on that species. Prof. 

C. 8. Sargent has issued a Catalogue of the Forest Trees of North America 

in connection with the work of the Census Bureau. 

Of foreign works may be mentioned Elmes’s Monograph of the genus 

Lilium, a folio with 78 colored plates, and J. G. Baker’s Synopsis of 

Aloinee and Yuccoidee in the Journ. Linn. Soe. Several additions have 

been made during the year to works on local floras which had appeared 

in part in previous years. The Flora of British India, by Hooker, has 
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been continued in part seven to the Rubiacew ; the Biologia centrali- 

americana, the botanical part of which is by Hemsley, contains the 

orders from Rosacew to Loasacee ; the Flora Brasiliensis, fase. 76, con- 

taining Lemnacew by Hegelmaier, and Aracew by Engler, was published 

this year, although the last-named order had been in press for some 

time. Fournier's Mexicanarum plantarum enumeratio is devoted to the 

grasses, and the same writer has a paper on the geographical distribu- 

tion of Mexican grasses in the Ann. Sci. Nat., in which he remarks that 
of the 643 species in Mexico 371 are peculiar to that country. Adansonia 

contains a number of papers by Baillon on the development of the flow- 

ers in Berberidacew, Selaginacee, and Stylidiacew. Concerning oriental 

plants, we have to mention Regel’s Description of Plants from Central 

Asia, cultivated in the Botanic Garden at St. Petersburg; Diagnoses 
plantarum novarum asiaticarum, by Maximowiex, in the Bull. Acad. 

Imp. of St. Petersburg; Spicilegia Flore Sinensis, by Hance, in Journ. 

Linn. Soc. A succinet account of the Japanese flora is to be found in 

Rein’s work entitled Japan, and a short notice of Madagascar plants 

is given by Baker in Nature. The grasses of New Zealand are described 

by Buchanan in a Manual of indigenous grasses of New Zealand. The 

Fragmenta Phytographie Australie of Baron F. von Mueller has been 

continued in two parts, and the same writer has issued a fifth decade 

of Eucalyptographia, a descriptive atlas of the species of Hucalyptus of 

Australia and the adjacent islands. In the Gardener’s Chronicle is a 

paper on Cinchonas, and a controversy on the subject of species of Cin- 

chona has been carried on in the Bot. Zeitung by Kuntze and Karsten. 

There appeared in 1880 the first volume of Botanische Jahrbiicher fiir 

Systematik, Pflanzengeschichte, und Pflanzengeographie, edited by Engler 

and issued by Englemann, of Leipzig. The first volume contains a large 

number of interesting papers relating to phenogams, amongst which 

may be enumerated: Beccari’s Pflanzengeographie des Malayischen Archi- 

pels; Focke’s Natiirliche Gliederung und die geographische Verbreitung der 

Gattung Rubus; Buchenaws Verbreitung der Juncaceen iiber die Erde; 
Rngler’s Beitrdge ziir Kenntniss der Aracee and Verbreitung der Gattung 

Rhus; and Lange’s Studien tiber Gronlands Flora. In connection with 

the distribution of species should be noticed Quelques observations sur la 

Flore Alpine @ Europe, by Bonnier, in which he compares the notes made 

by him on plants collected in the Carpathian Mountains, the Austrian 

Alps, and the Tyrolese Alps, and concludes that the constitution of the 

soil has little to do with the distribution of species, which depends, as 
De Candolle maintained, on the sums of the temperatures. 





ZOOLOGY. 

By THEODORE GILL. 

GENERAL ZOOLOGY. 

FEATURES OF PROGRESS. 

The progress of Zoology in the biennial period just past has shown 

the usual features exhibited during the present decade. The doctrine 

of evolution is now not only recognized by all scientific workers in biol- 

ogy, but it is postulated as the starting-point for investigations into the 

affinities of various types, and the efforts of biologists are in a great 

measure directed to the ascertainment of the philogeny and derivation 

of the various types. This has been exemplified during the past two 

years in attempts at tracing the genealogy of the mammals, the cephal- 

opods, and the acalephs, as well as various groups of the branches and 

classes of the animal kingdom; as, for example, the carnivorous mam- 

mals, the ungulates, various worms, We. 

Perhaps the most prominent feature of the period surveyed has been 

the discovery of numerous deep-sea types, mostly resulting from the 

voyage of the English ship Challenger, but in part also the fruits of 

dredging of minor expeditions and surveys; for example, the survey 

of the Caribbean Sea and Gulf of Mexico, under the auspices of the 
United States Coast Survey; the explorations of the United States Com- - 

mission of Fish and Fisheries, and the Norwegian expedition to the 

Arctic Seas in 1876 to 1878. These several expeditions and surveys 

have been fruitful in the finding and revelation of many remarkable 

forms. So rich have been the results that, as we shall hereafter see, 

about 2,000 species of a peculiar group—the Phieodaria—have been 

made known by a single naturalist, mostly from the collections of the 

Challenger expedition. Our knowledge of the fishes of the deep sea 

has also been greatly increased. 

An especially noteworthy feature in the taxonomy of 1879 and 1880 

has been the establishment of a number of “orders” in various groups 

of the animal kingdom. In view of the disparity in value of these 

groups, in the several departments of zoology, it seems fitting to utter 

a few words of caution and explanation in this place. What is an 

order? and what shall be the limits to the range of variation of the 
forms included under such designation ? are questions that must nat- 
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urally suggest themselves and be answered. In the first place, of 

course, orders, like every aggregation of animals and plants, must to 

a large extent be arbitrary, and their relations have to be determined 

by a certain standard, from which greater or less deviation must be 

made in individual cases, according to circumstances. The standard, 

however, as will be admitted by probably every rational zoologist, 

should be a type that from its nature and relations may be readily com- 

prehensible and appreciated by the greatest number, and in regard to 

which there is general concurrence. Undoubtedly it is in the class of 

mammals that we find such requisites present in the greatest degree. 

Accepting Linneus as the originator, pro tanto, of the idea connected 

with the name order, we naturally look to his exposition cf the mammal 

groups. We find that though there have been great deviations from 

his applications since his day, the fundamental idea of the group, as it 

exists in nature, has been accepted, and the efforts of subsequent zool- 

ogists have been chiefly in the direction of refinement and definition. 

There is now a general concurrence as to the orders recognizable in the 

class of mammals, although some little difference as to details still pre- 

vails. Taking the most comprehensive ones, we have the Primates, 

Carnivores, Ungulates, Cetaceans, Sirenians, Chiropters, Insectivores, — 

Rodents, and Marsupials. Now, inasmuch as several of these have 

been subdivided, let it be assumed that no groups between which exist 

greater morphological differences than those which differentiate the 

orders, with their maximum limits, from those nearest of kin, shall be 
regarded as less than orders; and, on the other hand, that we shall not 

distinguish as orders such groups as have at least less differences than 

those separating, for example, the Anthropoid and Lemuroid Primates, 

the Fissiped and Pinniped Carnivores, and the Perissodactyle and Arti- 

odactyle Ungulates. From this starting-point it will be in place to ex- 

amine a couple of systematic attempts published during the past year. 

One has been a new revision of the class of Birds; another, a reiterated 
classification of the Fishes. 

In all nature, among the major aggregates of species, there is not a 

more natural and homogeneous group than that which naturalists unan- 

imously have agreed to consider as a class under the name of Birds. 

So like are all the living representatives of this group in all essential 

details of their morphology, that between the extremes there certainly 

exist less differences than those which separate the cetaceous from any 

other order, and perhaps less even than those which separate the Anthro- 

poid and Lemuroid Primates, or the Fissiped and Pinniped Carnivores. 

Nevertheless, the last reviser of the class has admitted no less than 

26 orders. If the proposition that the order of Mammals is a proper 

standard be accepted, there can be no question but that differentiation 
in the class of Birds has been carried to a most unscientific extreme. 

The opposite extreme has been displayed in the treatment of the 

classification of Fishes, in part at least, but at the same time a like 
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extreme in excessive differentiation. Dr. Giinther has published an 

‘‘ Introduction to the Study of Fishes,” in which he recognizes as orders 

certain artificial groups of Teleosts current for a long time; that is, 
the Acanthopterygii, Acanthopterygii Pharyngognathi, Anacanthini, 

Physosiomi, &e. 

The characters used to differentiate these “orders” fail in certain 

representatives referred to each group, and are of really little more 

systematic importance in several cases than those used to distinguish 

the “orders” of Birds. Nevertheless, to each of the ‘“‘orders” in 

question are assigned forms which do really differ in important ana- 

tomicail details, and which have far less relation to the types with which 

they are confounded than do the types of the so-called orders exhibit 

among themselves. We have, consequently, evils here, not only of undue 

valuation, but also radical defects in appreciation of relationships. 

But the same author applies a standard as different as possible to the 

classification of the generalized types of Fishes; committing, at the 

same time, the great mistake of calling those generalized types the 

highest. All the typical Ganoids, as well as the Polypteroids, and 

Dipnoans are confused together in one heterogeneous order; all the 

Chimeroids, and all the Sharks and Rays, are thrown together in a 

second. There can be no question but that representatives of each of 

these last two so-called ‘“‘ orders” exhibit far greater diversities in their 

structure, inter se, than do any of the orders of existing mammals, 

It is difficult to believe that any consideration could have been given to 

the principles of taxonomy, or that thought could have been actively 

involved in such schemes as the last one noticed. 

As to the new orders recently proposed, and to be noticed hereafter, it 

is probable that the value of the several groups endowed with such rank 

will be questioned by the majority of naturalists, and that the types so: 

distinguished will ultimately be degraded in rank. 

The language of the original from which the abstract is compiled is 

followed as closely as the case will permit, as the advantages of such a 

course must be obvious to all on a little reflection. It has however 

been generally found to be necessary to limit the abstract to the illus- 

tration of the prominent idea underlying the original memoir, and pass 

by the proofs and collateral arguments. At the same time it has been 

often attempted to bring the new discovery into relation with the pre- 

vious status of information respecting the group under consideration. 

As to the special discoveries recorded, they have been generally selected 

(1) on account of the modifications the forms considered force on the 

system; or (2) for the reason that they are or have been deemed to be 

of high taxonomic importance; or (3) because the animals per se are of 

general interest; or, finally (4), because they are of special interest to. 

the American naturalist. Of course, zoologists cultivating limited fields 

of research will find in omissions cause for censure, and may urge that 

discoveries of inferior importance have been noticed to the exclusion of 
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those better entitled to it. It is freely admitted that this charge may 
even be justly made; but the limits assigned to the record have been 

exceeded, and the recorder has studied the needs of the many rather 
than of the few. Thesummary is intended, not for the advanced scientific 

student, but for those who entertain a general interest in zoology or 
some of the better-known classes. 

The compilation of this record has been greatly facilitated by the 

“Zoologischer Anzeiger” of Professor Carus and the very useful synop- 

ses published in the Journal of the Royal Microscopical Society of London. 

The value of both of the records thus referred to is, however, very greatly 

reduced by the absence of an index to names of authors cited in the 

first, and to the neglect to give a reference to the exact title and place of 

publication of the original paper in connection with the abstract in the 

latter case. The consequence is that very much valuable time must be 

lost to confirm and find references. 

ANAL RESPIRATION IN ANIMALS. 

Mr. M. M. Hartog, in connection with observations on the anal respi- 

ration of Cyclops, as well as Canthocamptus of the Harpacticide and 

Diaptomus of the Calanide, has enumerated the forms of Invertebrates 
in which anal respiration is manifested.* These belong to the following 

classes and major groups: 

VERMES: 

Rotifera. 

Gephyrea. 

Oligocheta-Limicola. 

ECHINODERMATA : 

Holothuroidea. 

ARTHROPODA: 

Crustacea (generally). 
Insecta (aquatic larve generally). 

MOLLUSCA: 

Dentalium. 

PHOSPHORESCENCE IN ANIMALS. 

Mons. Jousset de Bellesme has continued his researches upon the phos- 

phorescence of animals by a special investigation of that of the glow- 

worm.t He concludes that the phosphorescent substance is probably a 

gaseous product, for the structure of the gland does not give us the idea 
of an organ with a liquid secretion. The chemical products which are 

*“Hartog (M. M.). On the Anal Respiration of the Copepoda. Quart. Jour. Micr. 
Science, vol. xx, pp. 244, 245. 

tJousset de Bellesme. Experimental Researches in the Phosphoresence of the Glow- 
worm. Ann. Mag. Nat. Hist. (5,) vol. v, pp. 345-347. (Translated from the Comptes 
Rendus, vol. xe.) Printed in full in the Journ. Anat. et Phys., vol. xvi, pp. 121-169. 
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phosphorescent at ordinary temperatures are not numerous, and the one 

which chiefly occurs is phosphureted hydrogen. This, M. Jousset de 

Bellesme is led to believe, is the casein the glowworm, and he is influ- 

enced in his opinion by the extreme resemblance observable between the 

phosphorescence of substances in decomposition which is due to the 

evolution of phosphureted hydrogen and thatof luminousanimals. They 

present, he thinks, the same physical characteristics, the same affinity 

for oxygen, the only difference being that the cadaveric phosphorescence 

is continuous, while the phosphorescence of animals is intermittent. 

But the latter is due to the fact that the cellular decomposition which 

sets free the luminous product takes place in animals of high organiza- 

tion only under excitation of the nervous system, and in the lower ani- 

mals (¢. g.— Noctilucw) only by means of external excitants. 

The author has been led by his investigations to regard phosphores 

cence as a general property of protoplasm consisting in the evolution of 

phosphureted hydrogen. 

This view readily explains why many of the lower animals, although 

destitute of a nervous system, are phosphorescent, and has the addi- 

tional advantage of connecting the phenomena of phosphorescence 

observable in living animals with those exhibited in organic matters in 

course of decomposition. It is, he coneludes, another example of a 

biological phenomenon very closely related to an exclusively chemical 

cause. 

LIGHT AND ITS EFFECTS ON ANIMALS. 

It may be recalled that some years ago General Pleasonton recorded 

some startling ideas with respect to the influence of blue light. As 

the observations were evidently made in a very crude fashion, little 

attention was paid to them. The subject of the influence of different 

colored rays has been made the subject during the past year of special 

investigation by Moleschott and Fubini.* The eggs of a frog and toad 

were placed in vessels and covered with glasses or fluids of different 

colors. “At first the developmental processes did not differ among 

the different ova, or from those which were exposed to ordinary day- 

light.”. When rotation commenced, however, it was found that the eggs 

exposed to red light rotated most rapidly, while great torpor was 

exhibited by those under the blue glass; the rest, exposed to yellow or 

green light, did not differ at all from those developed under uncolored 

glass. ‘The most greedy were those under the blue glass. When 

brought from their artificial influence, its effects gradually passed off. 

When changed from one color to another, the actiyity displayed became 

gradually more or less.” In investigating the action of different kinds 

*Moleschott and Fubini. Jour. Roy. Micr. Soc., vol. ii, pp. 138, 273, and vol. iii, p. 

409. Also, E. Yung, on the influence of colored light on the development of animals. 
Comptes Rendus Acad. Sci. Paris, vol. xci, pp. 440, 441. 
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of colored light on the excretion of carbonic acid, the following results 
were obtained : 

Dark- j Blue- : 
=e Red. valor: |p atte 

(Oper oyouRetdl (kOe See 555085 o55006 3565 ShnSauSsdeSe 100 | 100.5 115 112 
Winnie d oid eee ee eee here eee eee 100 | 128 139 142 
Wintel Co SsSocs5KKe boron obo secs ose asosee 100 | 111 140 | 137 
Bilindimeamm aly cess sera eee eee seat eitaaeicee 100 | 109 114 113 

It is concluded that light has “a considerable influence on metabolic 

activity. It increases the excretion of carbonic acid and the ingestion 

of oxygen, but this influence is not only mediate through the cyes, it 

obtains through the skin, for it is seen in eyeless animals. When the 

eyes only or the skin only are affected, the result is less than when the 

whole animal is brought under its influence. The tissues are no less 

affected than the whole body. The chemical rays have greater effect 

than the heating ones, and the result that light has a chemical influence 

on metabolism cannot be evaded.” (Abstract from J. hk. M. 8.) 

EFFECTS OF STARVATION. 

Surg. D. D. Cunningham, of the Indian medical service, has investi- 

gated the physiology of starvation in certain fungous plants, and Am- 

phibans (of the tadpoles of a toad—sbufo melanostictus and a frog— 

Rana tigrina).* ‘The result of his investigation was to demonstrate that 

a fatty degeneration and disintegration of the protoplasm ensued, and 

in the animals an atrophy of the intestinal canal. The fatty degenera- 

tion effects in the greatest degree the lining cells of the digestive canal, 

and this in time is completely left destitute of epithelium, and therefore 

no longer capable of fulfilling the functions of secretion and absorption. 

When this climax is reached death must ensue, but as long as any of the 

epithelium is left (even though it be much degenerated) recovery is pos- 

sible. In connection with these experiments Surgeon Cunningham has 

studied the phenomena exhibited by starvation in the case of the in- 

habitants of India who suffered and died from the famine lately preva- 

lent in that country. Although patients that had been for some time 

deprived of food showed no symptoms of actual disease, they were at- 

tacked by diarrhcea and dysentery with almost certainly fatal results, 

and thus was indicated inability for assimilation. A post-mortem ex- 

amination proved that there was, as in the case of the plants and ani- 

mais experimented upon, a fatty degeneration of the tissues, especially 

the alimentary canal. So long, however, as the sufferers had a small 

amount of nutrimént no active symptoms were manifested, and it was 

only when they were afforded a generous supply, that famine diarrhea 

and dysentery commenced. The most rigorous attention and regimen 

*Cunningham (D. D.). Certain effects of starvation on vegetable and animal tis- 

sues. Quart. Jour. Mier. Science, January, 1880. 
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were found to be ineffectual in advanced cases ; but if only slight degen- 

eration of the tissues had taken place, food judiciously supplied coun- 

teracted the effects of previous privation. As soon, however, as exten- 
sive degeneration had taken place no care was sufficient to recuperate 
the patient. 

RHIZOPODS. 

A NEW “CLASS” OF RHIZOPODS.* 

As long ago as 1859, Professor Haeckel had known several peculiar 

forms of Rhizopods, which he subsequently described in a monograph 

of the Radiolaria as representatives of three distinct families. In 1879 

Hertwig differentiated these forms, with others subsequently made known, 

as an order of Radiolaria, under the name “ Tripylee.” A large number 
of forms belonging to the group were obtained by the Challenger expe- 

dition, and have been subjected to a critical study by Haeckel, and, as 

Murray first showed, ‘a striking character of all these Rhizopods is the 

constant presence of large dark-brown pigmented granules, scattered 

irregularly round the central-capsule, and covering the greater part of 

its outer surface.” This extra capsular mass is called by Haeckel the 

“pheodium” (dark brown or dusky). ‘The pheodella, large brown 

granules of the ‘ phxodium,’ are not, as Murray supposed, true pigment 

cells, as a true cell nucleus can not be observed in them; and the nature 
of the peculiar pigment of these pseudo-cells is not precisely known; 

but the quantity and constancy with which the ‘ pheodium’ appears in 

all ‘ Pheodaria,’ while it is wanting in all the typical Radiolaria, gives 

the Pheeodaria a high degree of systematic importance.” On account of 

this “ constant presence of the phzodium, and the peculiarly constructed 

membrane of the central-capsule,” the type thereby differentiated is iso- 

lated and a distinct “ class” constituted for it. The species generally 

attain considerable size, in comparison with other Radiolaria, and are 

even visible to the naked eye. Many are a half millimeter or more in 

diameter. ‘ The conspicuous central capsule is usually round or sphe- 

roidal: it is, however, often egg-shaped or somewhat oval. In many 

cases it is monaxial; in others dipleuric. Its membrane is very firm 

and always double, the outer layer very thick, the inner thin. The 

opening through which the pseudopodia appear has the very peculiar 

structure accurately described by R. Hertwig. Many Pheodaria have 

only one such opening (Monopylew), others have two at the opposite 

poles of the central-capsule (Amphipylee),” and still others more. The 

siliceous skeleton is extra capsular. Although the principal forms of 

this group have analogues among the typical Radiolara, they are usu- 

ally readily distinguished from them. Haeckel has proposed ten ‘ fam- 

ilies,” and these have been segregated by him under four ‘ orders,” 

distinguished severally by characteristics of the skeleton, or the absence 

of a skeleton. He has found among the forms examined by him what 
he calls more than 2,000 new species! 

~* A new class of Rhizopoda, Nature, vol. xxi, pp. 449-451, March 11, 1880 

S. Mis. 31 22 
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HYDROZOA OR ACALEPHS. 

WATER IN MEDUSZE. 

Some time ago it was stated by Professor Mobius that in a specimen 

of Aurelia aurita, from the Bay of Kiel, it had been ascertained that 
there was 99.82 per cent. of water, and consequently the solid matter 

could only have formed a small fraction of 1 per cent. This statement 

was so remarkable that, before acceptance, it required verification, and 

Dr. Krukenberg has recently examined specimens of the class, with the 

object of verifying or disproving the allegation.* 

Specimens of Aurelia found at Triest were examined, and it was enna 

that the water formed only from 95.84 to 95.79 per cent. of the total, 

the solid existing in the ratio of from 4.21 to 4.66 per cent. Chrysaora 

hyoscella afforded 95.75 per cent. to 96.3 per cent. of water, and there 

was from 3.7 to 4.25 of solid substances. A large specimen of Rhizostoma 

Cuvieri was found to contain 95.392 per cent. of water, and consequently 
nearly 5 of solid matter, of which there were 1.608 per cent. of organic 

and 3 per cent. of inorganic substances. It was concluded that proba- 

bly the Meduse generally exhibit a close approximation to these results, 

and that in none is there so small a percentage of solid matter to be 

found as in the case instanced by Mobius. 

EXTRA-MARINE MEDUSZ. 

There is, perhaps, no type of animals that has been generally regarded 

as being so eminently characteristic of the open seaas the Meduse. While 

representatives of the class exhibiting the hydriform condition have of 
course been long well known as inhabitants of fresh waters, until recently 

none of the medusiform groups have been specially noticed as having 

been found elsewhere than in the sea. It has been said of them that 
they dread nothing more than fresh water, and that such water is really 

poison to them; that even brackish water kills them immediately ; and, 
further, that they need a water rich in oxygen and constantly renewed 

by movements of the waves and currents. ‘The Meduse, in fact, have 
almost an equal dread of fresh water, of stagnant sea-water, and of a 
slightly too high temperature.” Several cases, however, have been 

recorded within the last two years which must materially modify the 

accepted beliefs with regard to their habitat. 

FRESH-WATER MEDUS 43. 

Mr. Agassiz has shownt that the idea respecting the exclusive con- 

finement of Medusz to perfectly salt and clean sea water is exaggerated. 

He records that in an estuary back of Boston harbor, at West Boston 

*C. F. W. Krukenberg. On the distribution of the water of the organic and inor- 

ganic compounds in the body of Invertebrates. Vergl.-Physiol. Stud. Kiist. Adria. I, 

part ii, pp. 78-106. (J. R. M. S.) 
t Agassiz (Alexander). As quoted in Journ. R. Micr. Soc., vol. iii, p. 968. 
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bridge (about one mile from the head of the harbor), and where the 

water, at the last part of the tide, is almost fresh and has a very slight 

salt taste, there is an abundance of Hydroids, which “thrive remarka- 

bly well on the drainage of the district, and grow to an unusually large 

size.” The species which have free medusxe are Hucope diaphana, E. 
pyriformis, and Obelia commissuralis, and these are twice during 24 hours 

of the day exposed alternately to salt and nearly fresh water, and thrive 

under the change, both in their hydriform and medusiform conditions. 

Other medusz found near the same place, and which, at low tide, were 

in fresh water, were species of Sarsiw, Piaropsis, and Aurelia, and these 

seemed unaffected by the large quantity of fresh water in which they 

were found. 

NEW PALUDICOLOUS MEDUSA.* 

In 1876, Dr. Du Plessis discovered “in the middle of the discharg 
ing canal of the salt-works of Villeroy, near Cette,” a Medusa which 

inhabits in the summer the stream thereof and the near-lying waters. 

The canal is about two or three yards broad and one deep. ‘The soil 

is a black putrid mud, stinking of sulphureted hydrogen,” and the water 

is perfectly stagnant, very brackish, and exposed all day long to the full 

rays of the sun. “The Medusa always inhabits the lower surface of 

islets of floating alez. On removing these it is seen clinging like a 

flake of jelly, shining like erystal.” They only occur in June and July, 

and were looked for in vain in spring as well asin September and Oeto- 

ber. The Medusa in question was ascertained to belong to the genus. 

Cosmetira, a representative of the family of Oceanide, and is very 

closely related to, though much smaller than, the Cosmetira punctata, 

which is abundant in the contiguous sea. Dr. Du Plessis, who described 

the species in 1879, considers that it furnishes an example of the influ- 

ence of the surrounding medium in the gradual modification and trans- 

formation of one species into another, for he doubts not that the diminu- 

tive Cosmetira is a decendant of the Cosmetira punctata, from which it 

has become modified and reduced greatly in size, while the canals and. 
stomach have assumed a green color, and the general rose-color of the 

oceanic form has been changed into violet, while the tentacles become 
black, 

A FRESH-WATER JELLY-FISH. f 

In the summer of 1880 Mr. Sowerby, the secretary of the Royal Bo- 

tanical Society of London, noticed quite a number of small animals, 

which were soon ascertained to be meduse, in a warm-water tank in 

* Du Plessis, G. Etude sur la Cosmetira salinarum, sp. n., nouvelle Méduse paludicole 

des environs de Cette. Bull. Soc. Vaud. (2,) vol. xvi, pp. 39-45, pl. Also, dn. Mag. 

Nat. Hist. (5), vol. iii, pp 385-389, 

tLankester (E. Ray). On a new Jelly-fish, of the order Trachomeduse, living in 

fresh water. Nature, vol. xxii, pp. 147-148, June 17, 1880. See also vol. xxii, pp. 177-181, 

(Lankester, Allmann, Romanes) ; 218 (Allmann) ; 241 (Lankester) ; 290 ites 316 

(Lankester). 
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which plants of the Victoria regia were growing in the garden of that 

society. The water in the tank had a temperature of about 90° F., and 
was literally swarming with the little medusa, the larger of which 

measured nearly half an inch in transverse diameter. They were very 

energetic in their swimming, and displayed the characteristic systole 

and diastole of the umbrella, and were flourishing apparently in the very 

conditions which contribute most completely to their well being. Speci- 
mens of this form were obtained by Profs. E. Ray Lankester and Geo. 

G. Allmann, and described by the former June 17, and by the latter June 
24, in ‘‘ Nature”; by the former, under the name Craspedacusta Sowerbii, 
and by the latter as Limnocodium Victoria. Subsequently an attempt 

to compromise on the name was made, and Professor Lankester desired 

to perpetuate the designation of Limnocodium Sowerbii. Inasmuch, 

however, as Craspedacusta was first used and accompanied by a satis- 

factory diagnosis, there can be no question but that conformity with 

the laws of nomenclature compels its retention. The most characteristic 

feature of the new form is the development of otoliths and velar canals. 

The otoliths are “ placed along the line of insertion of the velum—about 

80 in number (fewer in small specimens). From 16 to 20 are placed 

between successive perradial tentacles arranged in groups of two or three 

between the successive secondary tentacles.” The velar centrifugal 

canals “(which are really the elongated otocysts) are peculiar to this 

genus; passing from the otoliths (one inclosing each otolith) into the 
velum, and then ending blindly. They appear to correspond to the 

centripetal canals found in other Trachomedusz, in the disk.” By Pro- 

fessor Lankester it is claimed that Craspedacusta belongs to the family 

Petaside among the Trachomeduse, which are distinguished by the 

development of “ four radial canals, in the course of which four gonads 

lie, with a long tubular stomach, and no stomach-stalk.” According to 

Professor Allmann, however, while some of the characters ‘ point to an 

affinity with both Trachomedusze and Narecomeduse, this affinity ceases 

to show itself in the very important morphological element afforded by 

the marginal bodies. In both Trachomeduse and Narcomedusz the 

marginal bodies belong to the tentacular system; they are metamor- 
phosed tentacles, and their otolite cells are endodermal, while in the 
Leptomedus, the only other order of craspedototal Meduse in which 
marginal vesicles occur, these bodies are genetically derived from the 
velum. Now,in Limnocodium the marginal vesicles seem to be as truly 

velar as in the Leptomedusze. They occur on the lower or abumbral side 
of the velum, close to its insertion into the umbrella, and the tubular exten- 
sion of their capsule runs along this side to the free margin of the velum, 
while the delicate epithelium of the abumbral side passes over them, as 

in the Leptomedus. It is true that this point cannot be regarded as 
settled until an opportunity of tracing the developmentis afforded ; but 
in very young specimens which I examined I found nothing opposed to 
the view that the marginal vesicles were derived, like those of the 
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Leptomeduse, from the velum.” Itis concluded that Limnocodium * will 
hold a position intermediate between the Leptomedusz and the Tracho- 

meduse ; but as the greatest systematic importance must be attached 

to the structure and origin of the marginal vesicles, its affinity with the 

Leptomedusxe must be regarded as the closer of the two.” 

ECHINODERMS. 

A NEW ORDER OF HOLOTHURIOID ECHINODERMS.* 

Quite a number of remarkable forms have been procured within the 

last five years at great depths of the ocean in various parts of the world, 

and these have been recently brought together by Hjalmar Théel in one 

group, differentiated as an “ order ” closely related to the Holothurioidea. 

These newly discovered forms essentially resemble the Holothurioids in 

general structure. It is noted, however, that the Holothurioids are 

mostly fusiform or cylindrical in shape, although some (e. g., Psolus and 

Cuvieria) are most decidedly bilateral ; the radiate symmetry prevails so 

far externally that the five radial ambulacral vessels and theirappendages 

are generally similar, or nearly so, and run symmetrically at equal dis- 

tances from one another from the anal to the apical pole, and they may 

be even used indifferently for the purpose of progression; but, never- 

theless, of these five ambulacra, three—constituting the trivium—are ven- 
tral, and the other two—the bivium—are dorsal. While such is the rule 
however the exceptions are such as to compel us to be cautious,. 

lest we place an undue value on deviations even much less than those 

recognized as occurring in forms universally conceded to be true repre- 

sentatives of the order. 

In the newly discovered forms the body is always ‘ distinctly bilat- 

eral,” (1) “the lateral ambulacra of the trivium bearing large, slightly 

retractile pedicels, disposed either in a single row, or sometimes in fwo 

rows, along each side of the ventral surface, and sometimes with another 
series of larger highly elongated not retractile processes placed exter- 

nally and above the pedicels; pedieels of the two lateral ambulacra 

symmetrically arranged, being more or less distinctly opposed across the 

ventral surface” ; (2) “the odd ambulacrum naked, or very seldom with 

a few rudimentary pedicels”; (3) “bivium provided with very long, not 

retractile processes, often disposed in one or more rows along each of its 

ambulacra, and more or less distinctly opposed across the dorsal surface, 

or with only a few rudimentary ones in its anterior part, or with a single 

very large one resembling a broad, branched or unbranched lobe, and 

near to it some small papillwe;” (4) there are “no respiratory trees;” 

and (5) the integument is “naked, spiculous, or plated.” Such are tke 
characteristics common to the forms. While the ordinal value of this 

type may perhaps be generally disputed, the forms are of no little in- 

*Hjalmar Théel. The Elasmopoda, a new order of Holothuridea. Nature, vol. xxi, 

pp. 470-473, March 18, 1880. 
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terest. Ten distinct genera have been differentiated and are represented 

by seventeen known species. These have all been obtained in the deep sea, 
at great depths. They exhibit extraordinary proportions and develop- 

ment of the ambulacral appendages, and their singularities have given 

rise to some remarkable generic names, as Deima (a fright), Oneiro- 

phanta (a vision), Ilyodemon (00ze spirit), and Irpa and Kolga (both 

names derived from the Norse mythology). ‘One group is very gelati- 

nous, and of a rich purple color; others are gelatinous, gray, and semi- 

transparent; while another series, and among these the most fantastic 
of the whole, are yellowish, and have a crustaceous test, with a thick 
layer of calcareous plates, often running out into strangely shaped pro- 

cesses. <A peculiar little group from the Antarctic Sea are little more 

than a gelatinous membrane, covering an enormously distended intes- 

tine, filled with diatom ooze.” It is evident that the type is quite char- 

acteristic of the abyssal fauna, for in mostshauls of the dredge made in 

very great depths forms are brought up in considerable number. 

SYSTEM OF STAR-FISHES. 

Mr. C. Viguier has investigated the comparative anatomy of the skel- 

eton of star-fishes, and in connection therewith has applied the data 

gained to the revision of the system.* He first recognizes two primary 

groups, to which he gives (with doubtful propriety) the name of sub- 

classes, and then divides these sub-classes into families, characterized 
in the main by modifications of the frame work, as well as by the char- 

acter of the odontophore, teeth, and pedicillaria. 

The first sub-class includes the typical star-fishes and related types, 

as the Asteriade, Heliasterid, and Brisingide, which have, as common 

characters, the mouth of the ambulacral type; pedicilaria pedunculate, 

and straight or claw shaped, and the ambulacra generally in four rows. 

The second sub-class is richest in representatives, and these have a 

mouth of the adambulacral type, the pedicellaria sessile and valvular, 
and the ambulacra are always biserial. Seven families are distin- 

guished by the names Hchinasterida, Linckiade, Goniasteride, Asterini- 
dw, Pterasteride, Astropectinide, and Archasteride. 

A GENERALIZED STAR-FISH. 

A form of star-fish (using the word in its broadest sense) has been 

found in the sea about Madagascar, which is remarkable for certain of 

its characters, for although in truth an ophiuroid, it exhibits some fea- 

tures approximating it to the asteroids. According to the describer (Mr. 

W. Percy Sladen),* indeed, the characters of Asteroidea and Ophiu- 
roidea are combined in singular manner. The disk is enlarged and pen- 

*Viguier (C.). Anatomie comparée du squelette des Stellérides, in Archives Zool. ex- 

périm., t. vii, pp. 32-250. 

* Sladen (W. P.). On the Structure of Asthrophiura, a new and aberrant genus of 

Echinodermata. Ann. Mag. Nat. Hist. (5,) vol. iv, pp. 401-415, pl. 20. 
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tagonal and the rays singularly abbreviated and aborted, so that the 

form is very unlike an ordinary ophiuroid. In fact the arms are for the 

greater part of.their length inclosed in a disk formed of calcareous 

plates both above and below, but only a small portion of jointed arm 

projects from each angle of the pentagon thus formed, and, with the 

structure along the lines of the arms on the lower surface, reminds one 

of the ophiurids. It is contended that the whole skeleton structure is 

due to the abnormal development of the ordinary plates of the ophiurid, 

but at the same time in the structure of the animal a number of charac- 

ters are observable which tend toward the asteroids, such as a great 

development of the ambulacral system, with formation of supplementary 

plates separating the tentacular compartments, the extension of the peri- 

toneal cavity into the radial portions of the animal, and the organiza- 

tion of the mouth. 

Mr. Sladen concludes with some general remarks on the characteris- 

tics and relations of this new type. He argues that “the pentagonal 

flattened gonio-discoid body, combining within its area representatives 

of the whole free radial system, as well as of the disk of the typical 

Ophiuran, presents us with nothing less than the anomaly of an organ- 

ism having ophiuroid ray-plates expanded and then consolidated along 

with their disk into a pentagonal asteroid form of test. Such a re- 

markable arrangement of the entire brachial series and abnormal devel- 

opment of the side arm-plates is,” he says, ‘so far as lam aware, quite 

without a parallel amongst the Ophiuroidea, and constitutes a character 

which I regard as an approach to the structure of the Asteroidea. Al- 

though it may be asserted that the resemblance is largely superficial, 

and that the plates, when taken individually, are truly ophiuroid after 

all, the objection is counter-balanced by the fact that this combination 

of radial and interradial systems within a common periphery involves 

morphologically a principle of much higher import than simply outward 

form, and to which testimony is borne, more or less fully, by each of the 

following particulars, that is, (1) ‘‘ the limitation of the tentacular pore- 

system to the disk”; (2) ‘the extremely rudimentary condition and 

aborted character of that portion of the radial series which is prolonged 

beyond the body-disk, and which seem to give indications of disuse and 

cessation of function in this area of Ophiuroid organization, followed by 

a localization of function according to the plan of Asteroid organiza- 

tion”; (3) “the extraordinary development of the tentacular or ambul- 
acral system as compared with its usual standing in Ophiurian anatomy, 

together with a most extreme modification of the muscular system char- 

acteristic of that group,” indicating unequivocally atendency toward the 

growth of Asteroid characters; (4) “the prolongation of the peritoneal 

cavity into the radial portion of the animal,” evincing ‘a divergence 
towards a structure usual in the Asteroid group”; (5) the simple and 

rudimentary character of the mouth armature,” which differs from the 
ophiuroid and approximates the asteroid type; and (6) “the aborted 
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character of the axis or internal arm-skeleton.” In fine, the charac- 
teristics of the new type are such as to isolate it, at least with family 
value, from all the other Ophiuroids, and this is established under the 
name ‘ Astrophiuride,” by Mr. Sladen, with the following character- 
istics : 

The arms, with an Ophiuroid disk, included in a pentagonal body ; 
the teeth absent ; the armature of the mouth simple and imperfect ; the 

pores for the ambulacral feet separated by narrow septa, which are per- 

pendicular to the rays; the interbrachial cavity very broad. 

WORMS AND WORM-LIKE ANIMALS. 

MODIFICATIONS OF WORM-TYPE. 

The arrangement of worm-like animals in the systema nature has taxed 

the learning and ingenuity of naturalists toa high degree, and especially 

during the last quarter of a century. Within the last two years sev- 

eral attempts have been submitted, exhibiting the widest diversities from 

each other. Whatever may be the ultimate verdict, it is quite certain 
that there is no concurrence now as to the value of the characters used 

to distinguish the various groups. Asan indication of some of the tend- 

encies in the taxonomy of the types in question, several of the sys- 

tematic expositions are noteworthy. 

Mr. A. Giard, in connection with a communication on the Orthonectids, 
gives his peculiar views of the worm-like animals.* 

The name VERMES is accepted as the designation of a “sub-kingdom” 

which includes Orthonectids, Dicyemida, Trematoda, Cestoda, and Tur- 

bellaria. 

The name GYMNOTOCA is suggested for the “Annelida and associated 

groups,” as well as the Bryozoa, and also the true Mollusca. (The 

Tunicata, he thinks, ‘must be placed at the foot of the sub-kingdom 
Vertebrata.”) 

The designation NEMATELMIA is used for the Nematoida, Echinorhyn- 

cha, Desmoscolecida, Gastrotricha, &e. 

THE INTESTINAL WORMS OF THE HORSE OF DENMARK. 

Dr. H. Krabbe has investigated the relative frequency of occurrence 
of different entozoa of the intestinal canal of the horse in Denmark. 

The following is the ratio to the hundred for the different species ascer- 

tained, which are six in number, namely : 
Times 

Tenia perfoliata 22 Reo soe ss. et ee eee eee 28 

“ ~6mamillana ...--....-- Sheet ee ee eee Aas See eee aah 8 

*“Giard (A.). The Orthonectida, a new class of the Phylum of the Worms. Quart. 

Jour. Micr. Sci., vol. xx., pp. 225-240. 

t Krabbe (H.). Researches on the occurrence of Intestinal Worms in the intestinal 

canal of the Horse. Ann. Mag. Nat. Hist., (5,) vol. vi, pp. 96, 97. 
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Times 

Ascaris megalocephala....- PRIMA ch 515, canis oe o See Merauee tals SOS 16 

Strongylus armatus ......--- Beet rete date ole See ew sikAG Re mea te a 86 
sf tebracanthus (in 67 out of 86 horses)............. ------ 78 

EY UEASLCURUMUG nes setters eae e talc iai | ates. ©) =|;-cs sei )is) she aise Poh aie tr ee 2 

A NEW TYPE OF PARASITIC WORMS. 

Surgeon-Major G. E. Dobson has recently made known a remarkable 

parasitic worm found in the intestine of an African bat (Megaderma 
frons). This has lately been examined by Dr. J. D. McDonald* as well 

as by Surgeon Dobson. The former remarks that at first he agreed 

with Surgeon Dobson in thinking that it represented a new order of 

Annelids, but he is now disposed to look upon it as a new type, whose 

alliance is rather with the Nematoda. Surgeon Dobson considers it as 

the type of a new order of worms, which he calls Metabdellada, and 

which he refers to the ‘“‘Archzostomata,” among which, it is to be inter- 
pesed between the Rotifers and the Trematods. 

THE CLASS OF ORTHONECTIDS.} 

In 1877 Mr. A. Giard, of Paris, described some parasitic a 1mals of 

very low organization as the constituents of a peculiar class to which he 

gave the name Orthonectida. These Orthonectida present, as a perma- 
nent feature of their existence, the planula-form, which is one of the em- 

bryological stages of most animals. They occur as parasites in Nemer- 

teans and Ophiuroids. Mr. Giard has since supplemented his original 

observations and studied their reproduction. Their movements, inde- 
pendent of vibratile cilia, are due to the presence of muscle-like bands 

belonging to the endodermic cells and forming a splanchno-pleural 

““pseudo-mesoderm.” Reproduction is effected in two ways: (1) sex- 

ually and (2) by gemmiparity. In the former course it is (a) by the for- 

mation of a blastula or (b) by the production of an epibolic gastrula which 

finally closes, and, in both cases, there ensues a permanent planula state 
with a metamerized ectoderm. In the latter course gemmiparity super- 

venes in the interior of enormous sporocysts formed by the endoderm of 

the progenitve animal. It is as a result of gemmiparity that the Ortho- 

nectids are met with in abundance in their host. The Orthonectids, it is 

concluded, ‘are Gastreada brought by parasitism tothe state of planula,” 

and their importance on the “Gastrea theory” is very great. (See, 

also, Metschnikoff in Zool. Anzeiger, vol. ii, p. 547.) 

*Macdonald (John Denis). On the anatomy of a new parasitic worm found in the in- 

testine of a bat (Megaderma frons). Ann. Mag. Nat. Hist., (5,) vol. vi, pp. 409-411, 

pl. 21. Also, Dobson (G. E.). Note on Pterogodermatites Macdonaldii; the type of a 

new order of Vermes, Ann. Mag. Nat. Hist. (5), vol. vi, pp. 412-414. 

t Giard (A.)., On the organization and classification of the Orthonectids. Ann. and 

Mag. Nat. Hist., (5,) vol. iv, pp. 471-473. From Comptes Rendus, September 22, 1879, 
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A NEW PRIMITIVE TYPE OF WORMS.* 

The genus Polygordius has been supposed to represent one of the most 

primitive forms of Annelids, but in 1880 Dr. Hatschek made known a 

species which seems to be still more simple in its organization, and there- 

fore to exhibit the most archaic form in wbich the Annelidan structure 

is known to exist at the present day. This new form has been named 

Protodrilus Leuckarti, and was found near Messina. The inferiority of 

its organization is manifest especially in the nervous system, the ven- 

tral ciliary groove, the blood vascular system, and the intestine. The 

muscular system resembles that of Polygordius. ‘The nervous system is 

difficult to make out in the living object, the ganglionic nature of the 

frontal ganglion being indistinguishable and the presence of the organ 

merely indicated by a thickening of the integument; the sensory organs 

are represented by two transverse, elongated, ciliated slits, placed on the 

dorsal surface of the anterior portion of the head. There are no pig- 

mented eyes.” The intestine has no rectal division. ‘ Just behind the 

mouth there opens into the esophagus a muscular organ of a compli- 

cated form, and terminating blindly in a chitinous vesicle very similar 

to the same organ in Polygordius ; it has a function which still remains to 

be discovered.” (Condensed from J. R. M. S., vol. iii, pp. 791-792.) 

POLYGORDIUS AND ITS RELATIONS TO OTHER WORMS. 

A worm-like form that has excited much interest and has been 

regarded as the most primitive of Annelids is the genus Polygordius. 

What is now known to be the larva of this form has been long known, 

and had excited considerable speculation, but its parentage was discov- 

ered but lately. Dr. Hatschek has been able to verify the develop- 

mental stages of this type,t and has recognized six: (1) That prior to 

segmentation, when the embryo is small and transparent, broader than 

long, and divided into two parts by two parallel circlets of cilia in the 

middle line, with the mouth placed between these and the arms, and 

the latter opening at the inferior pole of the body, and with two eye 

spots above; (2) the primitive segments of the body appear, the meso- 

derm is further developed, as is also the posterior circlet of cilia; (3) 

the larva becomes elongated, differentiation of the ventral cord and 
antenn ensues, and a ciliated pit supervenes on either side of the head, 

and represents apparently the future olfactory organ ; (4) the walls of 
the enteric cavity become strengthened by the apposition of the proper 

division of the mesoderm, and the posterior circlet of cilia becomes 
greatly developed ; (5) the cuticle of the trunk becomes thicker, and the 

*Hatschek (B.). Protodrilus Leuckartii, eine neue Gattung der Archiannelides. 
Arb. Zool. Inst. Wien, vol. iii, pp. 79-92, with 2 pl. 

tHatschek in Jour. Roy. Mier. Soc., vol. ii, pp. 563-567. Also, Giard (A.). Sur les 

affinités du genre Polygordius avee les Annélides de la famille des Opheliida. Comptes 

Rendus Ac. Sci. Paris, vol. xci, pp. 341-343. (Translated in Ann. Mag. Nat. Hist., (5,) 
vol. vi, pp. 324-826.) 
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region of the head becomes much more like what it will be in the adult, 
while its circlets of cilia begin to disappear; (6) two distinct regions 
become apparent in the head, the tentacles become prominent, the walls 

of the mid-gut are considerably thickened; and there is still a mass of 

rounded, indifferent cells, which appear to be the rudiments of the gen- 

erative products. 

Taking these different stages of development into consideration, Dr. 

Hatschek indorses the view that Polygordius is an Annelid, although it 
manifests many points in adult structure which are merely embryonic in 

other forms. Polygordius thus represents what may be designated 

Archi-Annelids or primitive Annelids, and its affiliations with the other 

types are indicated as follows: 

Annelides. 

First order, Polygordiide. 

Second order, Chatopoda. 
First suborder, Saccocinide. 

Second suborder, Polycheta. 

Third suborder, Oligocheta. 

Third order, Hirudinea. 
Fourth order, Gephyrea. 

(Condensed from J. R. M. S., vol. ii, pp. 563-567.) 

PLATYHELMINTHES. 

PARASITIC PLANARIANS. 

Inasmuch as extremely few parasitic Planarians have been hitherto 

recognized, the discovery by Dr. von Ihering of one which occurs in the — 

kidney of Murex is noteworthy.* The new form has been called Graffilla 

muricicola, and is easily perceptible in that organ by its reddish-brown 

coloration. It attains a length of about 5 millimeters, and is distin- 
guished by the development of a thick anterior and narrow tail-like 

posterior region, quite distinctly marked off from each other. But the 

most prominent characteristic of Grafflla is the structure of the pharnyx; 

this is not provided with a special sae or pouch, and in this respect the 

new form is distinguished from all similar species, and is therefore made 

not only the type ofa distinct family, but a distinct group of Rhabdoceela. 

These it is proposed to divide into (1) such as have a pharynx ( Pha- 

ryngea), and (2) such as are deprived of a pharynx (Apharyngea). To 

the former group the Graffillide belong; but, as already indicated, they 

are differentiated from all the other Pharyngea by the absence of a special 

pharyngeal pouch, and therefore stand in a section apart from the rest. 

Another parasitic Planarian has been found by Dr. Arno!d Lang in 

*Thering (H. von). Graftilla muricicola, eine parasitische Rhabdocele. Zeitschr. 

Jf. Wiss. Zool., vol. Xxxiv, pp. 147-174. 
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the foot of Tethys,* but at the same time it is conjectured that it does not 
reside there permanently. This form has not been named, but has been 
considered to be closely allied to Graffilla muricicola. The pharynx was 

feebly developed and appeared to be destitute of a sheath. No peripheral 

nerves or special organs of sense or water-vessels were observed. The 

female organs were well developed; but in none of the specimens 

examined could the male organs be detected except in a rudimentary 

condition. 
THE GROUPS OF NEMERTEAN WORMS. 

The Nemertean worms have been examined with relation to their genera 

and systematic relations inter se by Dr. A. A. W. Hubrecht.7 Itis claimed 

that the genera proposed for the European forms must be reduced to four- 

teen. These are grouped, first, into two sections, one distinguished (Hoplo- 

nemertini) by the mouth being in front of the ganglia and the proboscis 

furnished with stylets, and the second (nameless) by the mouth situated 

behind the ganglia and the proboscis destitute of stylets. The latter are 

subdivided into (1) Schizonemertini, distinguished by the development 

of a deep lateral fissure on both sides of the head; and (2) Palawonem- 

ertini, characterized by the absence of such fissures. The three groups 

so named are designated as “ suborders.” 

The suborders are essentially the same as the three families generally 

admitted, and which are much better so designated than as suborders. 

The genera admitted are segregated under nine families, and are, for (1) 
the Hoplonemertini, Nemertes, Oerstedia, Prosorhochmus, Tetrastemma, 
Amphiporus, and Drepanophorus ; in (2) the Schizonemertini, Langia, 

Cerebratulus, Borlasia, and Lineus, and in (3) the Palseonemertini, 
Valencinia, Polia, Cephalothrix, and Carinella. (Condensed from J. fh. 
M. 8.) 

The author seeks to determine the phylogeny of these forms, but 

the data apparently are not suflicient for such purpose. 

A PARASITIC NEMERTEAN. 

More than a century ago (in 1779) O. F. Miiller described a worm which 
has, until lately, been regarded as being a kind of leech. This form 
has been named Malacobdella grossa, and the specimens occur parasitic 

in Cyprina Islandica. As indicated by the name, Malacobdella is charac- 

terized by a very soft body, and its width is nearly the same as the 

length, except in the region of the sucker ; its muscular system is charac- 

teristic; the mouth is placed at the anterior end and is a transverse 
cleft; the proboscis is white, and is destitute of any armature or spines ; 

the pharynx very white and visible through the transparent integument ; 

the intestine narrow and dark. On account of this union of characters 

* Lang (Arnold). Notiz tiber einen neuen Parasiten der Tethys aus der Abtheilung der 

rhabdocoelen Turbellarien. Mittheil. Zool. Station Neapel, vol. ii, pp. 107-112. 

t Hubrecht (A. A.W.). The Genera of European Nemerteans critically revised, with 

descriptions of several new species. Notes Mus, Leyden, No. iv, pp. 193-223. 
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by which it contrasts with all the three previously recognized families, 
Von Kennel has lately proposed to isolate it as the type of an inde- 

pendent one. This family (Malacobdellide) is distinguished by “the 
dermo-muscular layer arranged in an external, circular or an internal 

longitudinal layer; the absence of spines to the proboscis; the non- 

development of cephalic grooves or lateral organs; the intestine simple 

and forming several coils; the nerve-trunks free from the muscular 
system and united posteriorly by an anal commissure, and the develop- 

ment of a sucker at the posterior end.” * 

CHATOGNATHA. 

RELATIONS OF THE CHAITOGNATHA. 

A form that derives considerable interest from the speculations that 

have been entertained about it by the earlier naturalists, is the worm 
group known as Sagitta, und for which the order Chetognatha has 

been instituted. An elaborate monograph of this order has been pub- 

lished by Dr. Hertwig during the past year, and he has especially inquired 

into the subject of its relationship with other types.t He recalls the 

investigations of Kowalevsky and the application by Huxley of the 

condition of the body cavity to taxonomy, and rehearses that in most 

animals this ccelom is formed by a cleavage of the mesoblast (schizoceele), 

and that in others—as in the Echinoderms, Brachiopods, and Amphiox- 

us—the ccelom is developed from outgrowths of the endoblast (enter- 

ocele). It is the latter type that is manifested in the Chetognatha. 

The Chetognatha are said to be most nearly related to the Nema- 

toids and Annelids, and the relations to the latter are claimed to be 

very remarkable. In both “the enteron is invested in a fibrous enteric 

layer, and is attached by mesenteries which completely divide the 

coelom into a right and left half. In both cases there are four bands of 

longitudinal muscular fibers, the cells of which are derived from the 
celomatic surface. The two transverse septa of the Chetognatha are 

comparable to the numerous transverse septa in the Annelids, while, 

lastly, in both groups the generative products are derived from cells of 

the parietal layer of the mesoderm.” The olfactory organ is on the 

upper surface of the head near the eye and behind the supra-cesophageal 

ganglion, and is unpaired and very simple in character. 

The nervous system is noteworthy, the chief ganglia and their nerves 

being embedded in the epidermis, while some smaller cephalic ganglia 

belong to the mesoderm; or, in other words, the nervous system is 
differentiated into ectodermal and mesodermal parts. To the former 

there are two central organs, the supra-cesophageal and the ventral 

ganglia. In the latter are developed a lateral cephalic ganglion and 

two other small ganglia. 

*Kennel (V.). Arbeit. Zool. Zoot. Inst. Wiirzburg, vol. iv, p. 305, 1878. 

t Hertwig (O.). Die Chetognathen. Studien zur Bliattertheorie, Heft ii, Jena, 1880, 

6 pl. 
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The taxonomical deductions are that the Chetognatha form a group 
characterized by the ‘body consisting of three segments, separated by 

septa and provided with horizontal fins; the head with prehensile 
hooks, spines, and a ‘cap,’ with two eyes, and an unpaired olfactory 
organ; ccelom spacious: the enteron has two mesenteries and opens 
in front of the aventerous caudal segment; four longitudinal muscular 

bands: nervous system consists of the ventral, the supra-cesophageal, 

and the lateral cephalic ganglia: trunk segment with two ovaries; 

caudal segment with two testes.—In this group are recognized two 

modifications of generic value, one (Sagitta) having an unpaired caudal 

and two pairs of lateral fins, including ten species, and the other 

(Spadella) with an unpaired caudal fin and one pair of lateral fins, in- 

cluding three species. (Condensed from J. R. M. S., vol. iii, pp. 793-799.) 

PERIPATIDEANS. 

ON THE RELATIONS OF PERIPATUS. 

Until lately there has been no difficulty in trenchantly separating the 

arthropods from the vermiform articulates, but in Peripatus (a terres- 
trial worm-like animal of tropical countries) we have a form that is at 

once to some extent intermediate between the two, and that breaks 

down the rigorous diagnoses of those great groups and forbids the neat- 

ness and precision of definition formerly accorded to them. On the one 

hand Peripatus possesses quite a well-developed tracheal system and 

therein agrees with the terrestrial arthropods. On the other hand it 

agrees with the worms in that the segment at organs are in all essential 

respects like those of the Vermes and especially of the leeches, each organ 

consisting of a coiled glandular tube connected at one end with a short 

tube of somewhat different character, and probably opening into the 

body cavity, and at the other end dilating into a vesicle that debouches 

on the surface of the body at the base of the corresponding foot. Mr. 

Balfour has now called attention to a new feature in the economy of the 

animal which throws some light on its relationships.* There is a gland 

which has a duct opening into the mouth, and which is comparable with 

the salivary gland of the centipedes. (It has generally been considered 

as a “fat-body.”) Now, salivary glands are distinctive of the Tracheate 

Arthropods, and are not at all represented in the worms; we have there- 

fore in this structure of Peripatus another indication of its relationship 

with the Arthropods. By recent authors Peripatus had been disting- 

uished as the type of a primary group under the name Protracheata, 

and the data thus indicated are worthy of attention in connection with 

its place in the system. 

* Balfour (F. M.) on certain points in the Anatomy of Peripatus Capensis. Proc. 

Cambridge Phil. Soc., vol. iii, p. 6, 1879. 
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MEROSTOMES OR PALAOCARIDS. 

THE EYES OF THE HORSESHOE CRABS AND TRILOBITES.* 

Professor Packard has investigated the structure of the eyes of the horse- 

shoe crab, and, in connection therewith, that of the corresponding organ 

of the Trilobites. In the eye of the horseshoe crab (Limulus) the cor- 

nea is developed as “a thinned portion of the integument”; on each side 
are “nutrient” or pore canals, which are filled with connective tissue, 

extending into the integument from the body cavity. Apposed to the 

transparent cornea, and arranged in quincuncial order, are series of solid 

conical lenses, of which the conical ends project inwards and are partly 

buried in the black retina. ‘The long slender optic nerve, just before 

reaching the eye, subdivides, sending a branch to each facet or cornea 

impinging on the lens.” As this is a unique condition of the eyes in 

living articulates, it was an interesting problem to discover whether the 

affinities of the Trilobites with Limulus was manifested in this as in other 

respects. Casts and natural sections of Asaphus gigas especially were 

examined, and when the concave or interior surface was placed under a 

magnifying power of 50 diameters, the entire surface was seen to be 

rough, with the ends of the minute solid conic corneal lenses which pro- 

jected into the body cavity. ‘This is exactly comparable with the cast 

shell of Limulus and its solid corneal lenses which project into the body 

cavity.” 
CRUSTACEANS. 

ABORTED DEVELOPMENT IN CRUSTACEANS. 

It has long been recognized that while forms inhabiting the sea pass 

through several stages of metamorphoses, species quite closely related, 

living in fresh water, do not exhibit similar stages in their development. 

The forms that so deviate from the general manifestations in the class 

are always of interest, and Dr. Fritz Miiller has examined from this 
point of view several Brazilian decapod crustaceans.t He found that 

Trichodactylus and Aeglea Odebrechtii failed to pass through the regular 

crustacean metamorphosis, and that the female of Palemon potiuna pro- 

duces only 6 to 20 large eggs, and from these the young emerge with 

the superficial characteristics of the adults, whose complete form they 

assume at the fourth change of skin. But what is still more noteworthy 

is that while Hippolyte polaris passes through a shortened phase of devel- 

opment, on the other hand a Brazilian Hippolyte, closely related to that 

species, was ascertained to emerge from the egg as a zowa. Several 
fresh-water shrimps also found at the mouth of the Itajahy River—a 

Leander, « Palemon, and one of the Atyinw—also come from the egg as 

ZO. 

*Packard, jr. (A. S.). The Structure of the Eye of Trilobites. Am. Nat., vol. exiv, 

pp. 503-508, July, 1880. 

+ Miiller (Fritz). Palemon potiuna; ein Beispiel abgekiirtzer Verhandlung. Zool. 

Anz., vol. iii, pp. 152-157 (223). 
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INSECTS. 

SCOLOPENDRELLA, THE TYPE OF A NEW ORDER OF MYRIOPODS. 

The genus Scolopendrella has recently been re-examined by Mr. John 

A. Ryder,* and he has found some remarkable peculiarities in its organi- 

zation, which, in his opinion, entitle it to be differentiated as the Tepre- 
sentative of a distinet order of Myriopods. The characteristics, accord- 

ing to Mr. Ryder, “indicate as much affinity with insects as with myri- 

opods, and may, indeed, be looked upon, perhaps, as representing the 

last survival of the form from which insects may be supposed to have 

descended.” The head is essentially like that of a true insect, and the 

epicranial pieces are distinguished by well-marked suture from the 

labrum. The labrum and labium are both well defined; mandibles and 

maxille are developed, as well as, apparently, a ligula. The antennc 

have numerous (14 to 28) articulations. The body proper has thirteen 

segments. The legs (in number 12 or less) are five-jointed, and each 

terminated by a pair of claws, as in the typical insects, and at the 

bases of each pair, except the first, are attached simple hairy append- 

ages. The genital orifice is on the ventral side, in the third or fourth 
body segment, in both sexes. ‘The tracheal system is represented by a 

series of simple tubular arches, without a spiral filament, arising from 

openings on the ventral surface inside the base of the legs. Of this 

combination of characteristics not the least noteworthy are the biun- 

guiculate legs, and their nearly complete correspondence in number 

with the rudimentary abdominal and functional thoracic limbs of the 

Thysanura, especially Machelis and Lepisma, which have also basal ap- 

pendages to the legs; it is these characteristics that point to the affinity 

with Insects almost as intimate as that with the Myriopods. The order 

thus distinguished has been named Symphyla, in reference to the singu- 

lar combination of characters presented. It may be added that this 

order has already been adopted by a special student of the Myriopods, 

latzel having accepted it in his lately published work on the Myrio- 

pods of the Austro-Hungarian monarchy. Whether it will be hereafter 

associated most intimately with the typical Myriopods or Insects, re- 

mains to be seen; but it is at any rate certain now that these two types 

cannot be retained as full classes. 

INSECTS INJURIOUS TO BOOKS. 

The question of injuries incurred by books from the attacks of insects 

has been examined into by Dr. Hagen,t and Professor Westweod. Repre- 

sentatives of not less than six orders of Arthropods are more or less in- 
jurious. 

Among the mites is the common Cheyletus eruditus, which attacks 
paper in damp places. 

* Ryder (John). Scolopendrella as the type of a new order of Articulates. Am. 

Nat., vol. xiv, pp. 375, 376. 

tHagen (H.). Attacks of Insects on Books. Jour. Roy. Micr. Soc., vol. iii, p. 422. 
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Among the Thysanura, the Lepisma saccharina, which is found in 

closets, &c., where provisions are kept, feeds also on paper, but leaves 

untouched that which is covered by printing-ink. This species was not 

known till lately to be at all injurious to paper or books. 

Of the Neuroptera, the termites are injurious to paper and books as 

well as to many other substances. 

Of the Orthoptera, as is well known, the cockroaches (Blattide) 
frequently commit considerable ravages. 

Of the Lepidoptera the caterpillars of Aglossa pinguinalis and Depres- 

saria frequently do damage by spinning their webs between the vol- 

umes, and also by gnawing the paper with which they form their cocoons. 

Among the beetles are several species. The Hypothenemus eruditus, 

a very minute species, excavates tiny burrows within the binding. The 

death-watches (Anobium pertinaxy and Anobium striatum) surpass in 

their ravages all other species, gnawing and boring not only through 

the pages of the volumes, but also through the binding. One instance 

is recorded where 27 folio volumes, placed together on a shelf, had been 

so completely drilled, that a string might be run through the hole made. 

As an antidote to and preventive of the attacks of these insects, 
vaporization is suggested. The infected volumes may be placed in a 

large glass case made as close as possible, and therein likewise may be 

set small saucers containing benzine, or a sponge saturated with carbolic 

acid. “A strong infusion of colocynth and quassia, chloroform, spirits 

of turpentine, expressed juice of green walnuts, and pyroligneous acid 

have also been employed successfully. Fumigation on a large scale may 

also be adopted, by filling the room with fumes of brimstone, prussic acid, 

or benzine ; or an infected volume may be placed under the bell-glass 

of an air-pump, and extracting the air, the larve will be found to be 

killed after an hour’s exhaustion.” * 

DESTRUCTION OF INSECTS BY FUNGI. 

It may be recalled that at the Portland (1873) meeting of the Ameri- 

can Association for the Advancement of Science, Dr. Le Conte suggested 

that an efficient mode of checking the devastations of the insects injuri- 

ous to agriculture might be the “production of diseases” from parasitic 

fungous growths. He mentioned, without particularizing, “ an instance 

in which from the communication of the disease by some silk-worms, the 

whole of the caterpillars in a nine-acre piece of woods were destroyed.” 

The same proposition has been entertained and advocated by various 

other writers, for example, Hagen, Bail, We. 
Experiments have been made upon various forms, and lately on potato- 

beetles. Those inoculated with the fangous disease died in from eight 

to twelve days, while others in the same room, but which were not so 

*Hagen (Gis Schidliche Insecten durch den Hefenpilz zu todter. Zool. Anz., vol. 

iii, p. 185.—The Destruction of Insect pests by application of yeast. Nature, vol. xxi, 

p. 611. 

S. Mis. 31 23 
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treated, lived through the winter. Plant-lice were killec. in a hot-house 

by similar means. Dr. Hagen therefore contends against Professor 

Metschnikoff, that fungous inoculation can be applied to practical uses, 

ond that it will not be necessary to wait till the scientific meaning of the 

phenomena involved is understood ; he thinks that the plan has already 

been successful in practice, although further experiments should be 

made before any positive decision can be arrived at. 

THE GLOWWORMS AND THEIR PHOSPHORESCENCE. 

The structure of the Lampyride and their phosphorescent character- 

istics have been examined by Rey. H. 8. Gorham.* The conclusion is 

reached that ‘* the sexual instinct has played a large part in molding 

the external structure of this group of beetles, and that it is to that we 

must look for an adequate explanation of the development of phos- 

phorescent light, though not perhaps for its origin.” The cases in which 

both of the sexes have wings, and both exhibit also phosphorescent 

qualities, form the larger proportion among existing species. It is con- 

tended that in this condition the emission of light would be useful in 

the attraction of the respective sexes and bring them together in swarms. 

Those species, however, which are regarded as being the most typical 
of the family and in which the parts are more specialized, are such forms 

as Lamprocera and Cladodes. In these types the phosphorescent faculty 

has not been developed in the same proportion as the organs generally, 

and the eyes, for example, are “ reduced in a direct ratio with the light” 

whenever the antenne are enlarged in inverse ratio to the diminution of 

the phosphorescence. Whether the eyes develop at the expense of the 

antenne, and are, so to speak, the receptacle of all the vital forces of 
the head, or whether the antennze supplement the loss of the other 

organs of sense, and are useful in detecting the presence of the female, 

only one fact is in evidence, which is that the plumosity of the antenne, 

in one case, and the enormous development of the eye, in the other, are 

usually sexual characters predominating in the male, but sometimes 

found in both sexes. Mr. Gorham has found that selected species of 

Lampyride may be grouped under three categories, viz: 

1. Species with plumose antennz, small or moderate eyes, both sexes 

winged, light-emitting surface confined to one or more small spots: 

Lamprocera, Cladodes, Vesta, Lucidora, Phenolis, and Megalophthalmus. 

2. Species in which both sexes are winged; light emitted consider- 

able, sometimes greater in the 9 ; eyes large, sometimes excessive ; 

antenne simple, usually filiform: Cratomorphus, Lucernula, Aspidasoma, 
Luciola, and Photuris. 

3. Species in which the female is apterous, or with rudimentary wings; 

light emitted often very great in the female, and often only rudiment- 

* Gorham (H. 8.). On the structure of the Lampyridex, with reference tc their phos- 

phorescence. Trans. Entomological Soc., London, 1880. pp. 63-67. 
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ary traces of it in the male; antenne usually rudimentary; eyes large 
in the male, often excessively so, occupying nearly the whole head: 

Pleotomus, Lamprophorus, Microphotus, Lampyris, and Lemprorhiza. 

(Condensed from J. Rk. M.S., vol. ti, pp. 777-779.) 

POLYZOANS. 

RELATIONS OF THE POLYZOANS. 

The Polyzoans form a type which, in the early days of zodlogy, was 

regarded as a class of the radiate animals. Subsequently Milne Ed- 

wards and others agreed that the type was most closely related to the 

Brachiopods, and subsequent investigation of the embryology of the 

two types confirmed this view. The question afterward came up as to 

the relationship of both these types to others. Until quite recently 

it was disputed by no one that the Brachiopods were true mollusks, but 

when anatomical and morphological investigations had revealed so 

many differences they were dissociated from the typical mollusks and 

segregated with the Tunicates under the name Molluscoidea. Later 

Morse claimed that the two classes in question were more closely related 

to the worms than to the mollusks. Professor Allman has recently 

reviewed the condition of our knowledge of the endoproctal Polyzoa,* 

and confesses that while he still supports the mollusean relationships of 

the type, he was nevertheless obliged to confess that there were features 

in which it closely approximated the worms. Among the most signifi- 

cant of these is the existence of a pair of symmetrically placed gland- 

like organs which open on the surface of the body in Loxosoma, and 

remind one of the segmental organs of the worms. In 187— Professor 

Nitzsch proposed to differentiate the Polyzoans into two groups, dis- 

tinguished by the opening of the anal cavity in one case outside of the 

tentacular crown, and in the other case within the same. The former 

group was named Ectoprocta and included almost all the known forms. 

The latter group was named Hndoprocta, and was at first framed spe- 

cially for Pedicillina, but subsequently it was ascertained that not only 

Pedicillina but Urnatella and Loxosoma also exhibited the same char- 

acteristic; and Professor Busk has lately made known a curious form, 

to which he has given the name Ascopodaria, found in the voyage of 

the Challenger in deep water. It is the Endoprocta, according to Pro- 

fessor Allman, that exhibit the closest connection with the vermes. 

Loxosoma, it may be added, is a parasite of Gephyreans, and attaches 

itself so firmly to the host that before Loxosoma had been described Mr. 

A. M. Norman was led thereby to attribute its crown toa Gephyrean as 

tentacular appendages of the tail of that worm. 

* Allman (G. J.). Some recent additions to our knowledge of the structure of the 

Marine Polyzoa. Jour. Linn. Soc. Zool., vol. xv, pp. 1-8. 
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BRACHIOPODS. 

RANGE IN DEPTH OF LIVING BRACHIOPODS. 

Mr. Thomas Davidson has examined the collection of Brachiopods 

secured by H. M. 8. Challenger, and in connection therewith has enu- 

merated all the existing species of the class.* It was thought that 

many novel forms would be obtained by the dredge from the depths of 

the sea, but this anticipation has not been realized. Very few new 

species were found during the voyage of the Challenger, and none rep- 

resenting genera that had not before been known from representatives 

living in waters of less depth. One hundred and thirty-six living spe- 

cies or sub-species are recognized by Mr. Davidson, 125 so-termed “spe- 

cies,” and 11 “named varieties”; but, it is added by Mr. Davidson, the 

number “ will certainly have to be hereafter reduced.” Not more than 

ol species were obtained by the Challenger expedition, and out of 561 

stations at which dredgings were made Brachiopoda “ were brought up 

38 or 39 times only.” The circumstances respecting the discovery of 107 

of the recognized named forms have been ascertained, while ‘nothing is 
known respecting the ranges of depths of some 25 or 26 so-called spe- 

cies.” Of the 107 species (or named varieties) some 57, or about half 

the known species, were dredged at a depth of under 100 fathoms; 20 to 

25 at low-water mark, or from 5 to 10 fathoms; and the remainder at 

about 50 or 60 fathoms,” or, to be more definite, the status of our infor- 

mation may be given in the following table: 
Species. 

From shore to 500 fathoms some ...-.....-....-. eee Ree EIS Bese: 

or named varieties; 12 of these range up to 100 fathoms or less. 
From 501 to 1,000 fathoms ...... Sisigetaceiee oa Rees wate cans + 16 

Of these only one, Disceria Atlantica, would range from 690 to 
2,400 fathoms. 

From 1,001 to 1,500 fathoms ............. Soe sabe Saeeeso Sse. Be 
Of these Terebratula wyvillii ranges from 1,035 to 2,900 fathoms, 

the greatest depth at which any species has been found. 

roma pO! to.2.000 tathoms eceweeeeeene ee eee eee Bie fate eee 4 

Hrom::2, 001 to: 2,900.23 s.'sc<se snes BER oae eee ee eee 3 

Mr. Davidson concludes that “these facts indicate that the greater 

bulk of known species live at comparatively small or moderate depths, 

few in depths ranging up to 500 fathoms, and that Brachiopoda are 

specifically rare at depths varying from 500 to 2,900 fathoms. 

It is to be regretted that Mr. Davidson still clings to the names Clis- 

tenterata and Tretenterata when exactly the same groups with the same 

limits, and the same essential diagnoses, had received each several names 

long before. If any objections are urged against those previous names, 

*Davidson (Thomas). Report on the Scientific Results of the Voyage of H. M.S. 

Challenger, during the years 1573~76. Zoology, vol. i, part 1. Report on the Brach- 

iopods. Printed by order of Her. Majesty’s Government, London, 1880. 
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analogous objections can readily be devised against those adopted, and 

there is nothing easier than to devise objections when the mood impels 

to seek for new names. 

ANCIENT LINGULIDZ. 

In the early days of Paleontology the name Lingula was applied as 

the generic designation of numerous species certainly related to the 

living representatives of that genus but distinct in many respects. Of 

late years, however, as is remarked by Mr. Whitfield,* “it has been 
supposed by many that the Brachiopodous genus Lingula, as represented 

by Lingula anatina Lamarck, a living species, was not represented 

among the fossil Lingulidae of the older Paleozoic formations, if any- 

where in rocks of paleozoic age; and there has been a growing tend- 

ency to class all Linguloid shells of these formations under other 

names.” While this is admitted to be correct in the main, by Mr. Whit- 

field, he thinks that he has proof of a form congeneric with or at least 

closely related to the modern species, in shells obtained from the Tren- 
ton limestones of Wisconsin and Minnesota. He has carefully studied 

the muscular and vaseular sears of the shell as copied in their internal 

casts, and thinks that “these markings correspond more nearly to those 

of L. anatina Lamarck, than do those of any other Silurian or Devonian 

species” which he ever examined, and, “although they do not exactly 

correspond, still are as similar as one could expect in widely separated 

species. The variations consist in the position of the various muscular 

sears, and also somewhat in the lines of the pallial sinuses and in the 

ramifications of their branches.” Without going into detail it is enough 

to remark that there certainly seems to be considerable superficial 

resemblance between the form thus signalized and the living represent- 

atives of the family. Nevertheless the homologies are far from being 

as close as those which prevail in all the living forms, and which, not- 

withstanding, have been differentiated under two distinct genera, 

Lingula and Glottidia. In view of the great antiquity of the type, 

however, even the resemblance, though not very close, is noteworthy. 

Whether the resemblance is a generic one (using the word “generic” in 

the restricted signification) is doubtful. 

GASTROPODS. 

A NEW TYPE OF MOLLUSKS. 

A most singular type of Mollusks, and one finding no place in the 

eurrent works on conchology, is the genus Neomenia of Tullberg (Soleno- 

pus D. & K.). This is the representative of not only a distinct family 

ood) but of a ezouD which stands so far apue from all others 

* Whitfield (R. Pp. ). On the occurrence of the true fie in sane Trenton Lime- 

stones. Am. Jour. Science (3), vol. xix, pp. 472-475. 
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as to leave even its relationship a matter of discussion. G.O. Sars dis 

tinguishes it as a group (Telobranchiata) of the Opisthobranchiates, 

co-ordinate with the Tectibranchiata and Nudibranchiata. H. von 

Thering differentiates it as a class of ‘* Vermes—Phylum Amphineura,” 

the Chitons forming another class. E. Ray Lankester isolates it still 

further, considering it as representing not only a class (Scolecomorpha) 

but a primary group (Lipoglossa) of Mollusks having no affinity to the 

Chitons. A new form of this group, exhibiting characters, too, deemed 

wanting in the type, must be of unusual interest. Such is the species 

made known as Proneomenia Sluiteri.* Like Neomenia, Proneomenia is 

worm-like and subeylindrical, but unlike that form it is provided with a 

distinct though small radula. Two specimens of the species were 

dredged by Dr. Sluiter in the Barent Sea. 

REGENERATION OF PARTS IN GASTROPODS. 

Long ago Spallanzari and afterwards Schifter experimented upon the 

regeneration of parts in snails, but this subject has since been much 

neglected. Recently Mr. Justus Carriere has reinvestigated the ques- 

tiont, and has found, like his predecessors, that the tentacles, with the 

eyes and the labial processes in the gastropods, can be completely 

regenerated. On the other hand, when the pharynx or supra-cesopha- 

geal ganglion is cut out death ensues. Mr. Carriére took all precau- 

tions in his investigations, and all the conditions to insure accuracy 

were fulfilled, that is, with respect to the health of the animal, the 

parts removed, &c., for a different result would ensue if the animal was 
taken when its energy was concentrated in the formation of generative 

products, and it was therefore found that a season of rest, as at the 

beginning of summer, or the autumn season, was the most satisfactory 

time. The individuals experimented upon represented common Euro- 

pean species of Helix. Those that gave the most satisfactory result 

were Helix nemoralis and H. hortensis; H. pomatia was more sensitive, 

and H. arbustarum and H. fruticum the least capable of reproduction of 

parts. 

In the case of the eye it was ascertained that the method of regener- 

ation was analogous to that of the first formation of the organ. There 

Was an invagination of the epithelium, the formation of a closed vesicle, 

and the primitive cylindrical cells became partly converted into corneal 

cells, and partly into rods and cones. The time required for this re- 

generation was fifty or sixty days. 

Experiments were also instituted with respect to the aquatic pulmon- 

ates, but the results were less satisfactory on account of their liability 

to attack by fungus in the wounds. 

*Huvrecht (A. A. W.). Proneomenia Sluiteri gen. et sp. n., eine neue archaische Mol- | 
luskenform ans dem Eismeer. Zool. Anzeiger, iii Jahrg., pp. 589-590, 29 Nov., 1880. 

t Carriere (J.). Ueber die Regeneration bei den Land-Pulmonaten. TYayblatt der 52 

Vers. deutsch. Naturf., pp. 225, 226. 1879. 
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GASTROPTERON AND ITS RELATIONS. 

A remarkable form of gastropod mollusk, which was at one time sup- 

posed to be a Pteropod, has now been well ascertained to be a Tecti- 

Dbranchiate and most closely related to the Bullidea. In general form it 

has, in fact, considerable resemblance to a Pteropod, and the shell is so 

small and immersed that it was not detected until Krohn found it in 

1860. The shell resembles somewhat that of a Carinaria in form, and is 

quite translucent: it is found in the hepatic region near and somewhat 

behind, but a little to the right side of, the anus. 

Mr. Vayssiére has investigated the anatomy ofthis form, and has 

reached, in respect to its relation, some conclusions differing from his 

predecessors.* He regards Gastropteron as the type of one of two major 

groups, into which he would divide the Buillidea, most of the forms of 

that type constituting the second group. 

In this first group represented by Gastropteron the parapodia are 

largely developed: a small nautiloid shell is contained within the 

mantle; and the csophageal collar is constituted by a pair of cerebral 

ganglia, a pair of pedal ones, and six visceral ones; the visceral ganglia 

are distributed in equal number, three to the right and three to the left. 

In the second division the parapodia are rudimentary ; the shell well 

developed and generally external; and there are only three visceral 

ganglia, two of which are on the right and one on the left side. 

It is observed also that while in Gastropteron the genital nerve arises 

directly from the commissure without the intermediation of any gan- 

glionic enlargement, in the other forms the corresponding herve always 

arises from the larger of the two left visceral ganglia. 

LIVING PLEUROTOMARIIDS. 

Among the most interesting of the mollusks is the genus Pleuroto- 

maria. 'This genus was for a long time supposed to have become entirely 

extinct, but in 1556 a species was discovered at the island of Guade- 

loupe and named by Fischer and Bernardi Pleurotomaria Quoyana. Sub- 

sequently a specimen of a second species was also obtained and described 

under the name of Pleurotomaria Adansoniana in 1861. In 1830 further 

information respecting the development of the genus was obtained. A 

second specimen of Plewrotomaria Adansoniana (91 millimeters wide) was 
found in the “ grand cul de sac de la Point-a-Pitre,” Guadeloupe, at a 
depth of 150 fathoms, and two new species were obtained in the Kastern 

seas. One has been described by Hilgendorf as Plewrotomaria Beyrichii, 

from a specimen obtained in Japan. Another has been made known as 

Pleurotomaria Rumpfii by Schepman, and the specimen on which it was 

based (a very large one, having a maximum diameter of 190 millimeters) 

was found in a collection of shells from the Molucea Islands belonging 

*Vayssiere. Recherches anatomiques sur les mollusques de la famille des Bullidés. 

Amn. Sc. Nat., Zool., (6,) vol. ix, No. 1 (64 pp., 3 pl.). 
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to the Zoological Garden of Rotterdam. It is noteworthy that these 

species represent two sections of the genus, one of the species of Gua- 

deloupe (P. Quoyana) and one of the eastern (P. Beyrichii) having no 

umbilicus, while the other two, Pleurotomaria Adansoniana and P. 
Rumpfii are deeply umbilicated. The soft parts of Plewrotomaria are 

still unknown, although we may hope that our acquaintance with a form 

so interesting may not be much longer deferred, inasmuch as a living 

specimen of P. Quoyana was obtained by Professor Agassiz off the island 

of Barbados (at a depth of 120 fathoms), and is now in the Museum of 

Comparative Anatomy at Cambridge. (See HILGENDORF in Sitzungs- 

berichte der Gesellschaft Naturf. Freunde zu Berlin, 1879, p. 72; SCHEP- 
MAN in Tijdschrift Nederl. Dierkund. Vereen., vol. iv, 1879, p. 162; 

CrossE & FISHER in Journal Conchyliologie, (3,) vol. xx, pp. 203, 
284, 1880.) 

DENTITION OF MARGINELLOID MOLLUSKS. 

The contour and development of the shell of Marginella is quite char- 

acteristic, but nevertheless there are now known four distinet types of 
dentition represented by forms possessing decidedly similar shells, and 

if the Eratoinz are considered, we have a fifth. 

(1.) As is generally known, most of the species have a single central 

tooth (o—1—o) with a narrow base, and this has been regarded as 
being one of the distinctive marks of the family Marginellide. 

(2.) A similar form, however, was shown a number of years ago, by 

Stimpson, to have a single row of teeth peculiarly modified, resembling’ 

those of the Muricinz, being thick, strong, and armed with many (7) den- 

ticles, and was therefore differentiated by him as the type of a peculiar 

family—Cystiscide. 

(3.) Towards the end of the year 1880 a third type was found to be 

represented by what has been called Pseudomarginella leptopus, and what 

has been also by some (but erroneously) identified with the “* Marginella 

glabella,” of Eastern Africa. Shells with their animals were sent from 

Senegambia, and the species was ascertained to have the teeth arranged 

in three long longitudinal rows, (1—1—1), and their form very similar 

to that of the Buecinids, the lateral teeth being broad and armed with 
three cusps. 

(4.) A fourth marginelliform type has aiso teeth in three series 

(1—1—1), but the lateral teeth are slender and claw-like. The species 
representing this has been described by Carriere as new under the 

name Pseudomarginella platypus, and thus systematically arranged with 

the preceding, with which it is geographically associated. The difference 

in dentition is, however, generally regarded as of family value. 

(5.) Still another marginelloid type, although much more differen- 

tiated than any of the others,is represented by Prato, which is now 

generally regarded as a true member of the family of Cypreide or Tri- 

vide. 
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The manifestation of such different types of dentition by forms hav- 

ing the same kind of shell will render a re-examination of the other 

parts of the animal necessary before it can be definitely accepted whether 

they are distantly related, as the current views respecting the value of 

dentition would imply, or whether they are closely connected, as the like- 

ness of their shells would suggest. In this connection we may refer to 

the similarity of the shells of the Mitride and Turritide. While it is 

not safe to assume that the animals so distinguished are closely related 

on account of the similarity of their shells, there is enough at least to 

challenge doubt, which can only be settled by further investigations. 

(See Crosse & FISCHER in Journ. Conchyliologie (3,) vol. xx, p. 375, 

1880; and Justus CaArribre (Die Gattung Pseudomarginella v. 

Maltzan), in Zool. Anz., vol. iii, pp. 637-641, 27 Dee., 1830.) 

CEPHALOPODS. 

THE ARMS AND SIPHON OF CEPHALOPODS. 

A number of attempts have been made to homologize the arms and 

siphon of the cephalopods with the structures of the gastropods, but 

the identifications have not been entirely satisfactory. Professor Loven, 

as early as 1848, regarded the cephalopod arms as a persistent 

velum. Professor Huxley considered that they represented the gastro- 

pod foot, and the siphon was regarded as answering to the epipodial folds 

of the embryonic gastropod. Dr. Grenacher, however, showed that the 

foot of the gastropod is an unpaired structure, and therefore could not be 

homologous with the arms, which develop in pairs, and, like Loven, he 

considered that. the arms represent a modified velum; the foot was 

deemed to be entirely wanting, while the siphon was regarded as the 

representative of the epipodium. Dr. Von Ihering contended that the 

arms are tentacular appendages to the body, and that they have no 

equivalent in the gastropods. The innervation of the siphon from the 

pedal ganglion led him to identify the siphon as the foot, and he urged 

that the valve of the siphon is a true foot or protopodium, and the two 

lateral folds pteropodia. 

In 1879 Mr. J. I. Blake entered upon a comparison of the cephalopod 

and gastropod structures with reference to their relation to the nervous 

ganglia and the flexure of the intestine.* Premising that the ciliated 

bands constituting the velum had been shown to be traceable “from one 

class to another—sometimes in the larva only, and sometimes as an 

adult organ ”—he concludes as follows: “In the primitive condition they 

formed a circle around the cesophagus, and as often as not are thrown 

out into long processes; with a change in the direction of the intestine 

their uniformity is broken and part dies away, while the other part is 

left, forming a circle surrounding, not the cesophagus, but a portion of 

the body on one side of it, the foot being on the other. Since, then, in the 

gastropoda the intestine turns to the cerebral side, we have the “ velum” 

*Blake (J. F.). On the Homologies of the Cephalopoda. Ann. Mag. Nat. Hist. 

(5,) vol. iv, pp. 303-312. 
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formed on that side; whereas in the cephalopoda, the flexure being on 

the opposite side, we have what we may call the anti-velum on the pedal 

side. Thus the arms are homologous to the opposite portion of the 

architroch to that which forms a velum, and merely afford another in- 

stance in which these primitive formations are retained as functional 

organs. Moreover, from within the circle of the embryonic velum rise 

np in some gastropods two long retractile tentacles in like manner 

from within the later-formed circle of the anti-velum rise up the two 

retractile tentacles of the decapods.” The funnel is conceded to be 

homologous with the epipodium, and the valve in the funnel it is sug- 

gested “may represent” the foot, although this ‘must be doubtful.” 

Dr. Brooks has also treated of the same questions, and studied 

the development of the common squid (Loligo Pealii).* He recalls 

that the molluscan foot is an unpaired structure on the ventral surface 

of the body between the mouth and the anus; that in the embryo a large 

sinus space separates the integument of the foot from the endoderm and 

its derivatives; and that this space contains blood corpuscles; that the 
embryonic foot, in fact, is a circulatory organ. The yolk sack of the 

cephalopod is separated from the yolk by a corresponding sinus space, 

and as the integument is rhythmically the fluid which fills this space is 

kept in constant motion. Physiologically then, as well as in its posi- 

tion, the yolk sack of the squid resembles the foot of the gastropod, and 

consequently it is contended that we find in it the homologue of the foot. 

He concludes that as a locomotor organ the foot of the cephalopod has 

been suppressed by the great development of a food-yolk at the point 

where it should have been found.” <As to the siphon, this originates as 

two pairs of folds of the integument of the lateral walls of the body, and 

if we regard these four folds as homologous with the epipodial folds of 

a gastropod, the arms must be regarded as independently acquired 

structures. It is finally inferred that neither the exact equivalent of the 

arms nor of the siphon is found in the gastropods, but that these parts 

of the cephalopods have originated from a very generalized condition 

and become developed as specialized organs peculiar to the class; con- 

versely, the foot of the gastropods is represented by no specialized struct- 

ure in the cephalopods. 

COMPARATIVE STRUCTURES OF THE TETRABRANCHIATE AND 

DIBRANCHIATE CEPHALOPODS. 

As a part of his studies on the “homologies of the cephalopoda,” Mr. 

Blake has examined into the structures which seem to correspond in the 

nautiloids and cuttle-fishes. The tetrabranchiates are undeniably a 

more primitive and generalized type than the dibranechiates, and in their 

adult condition exhibit characteristics which are transitory in the other. 

Thus (1) in the nautilus the funnel is divided, and so it is in the embryo 

* Brooks (W. K.). Homology of the Cephalopod Siphon and Arms. Am. Jour. Sci. 

(3), vol. xx, pp. 288-291; also, The Development of the Squid Loligo Pealii (Lesereur) 

Anniv. Mem. Boston Soc. Nat. Hist. 
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cuttle-fish, but in the old it is a single tube; (2) in nautilus the eye is ¢ 
simple cavity opening externally by a minute aperture, as is the case in 

the embryo cuttle; (3) in nautilus the auditory organs are close beneath 

the eyes, and so they are in the embryonic cuttle, but in the mature 

dibranchiates they have approximated on the ventral side; (4) in nau- 

tilus the tentacular and labial processes are more or less flattened and 

lie one within the other, and in analogous manner in the dibranchiates 
the arms rise as broad flat processes, one pair within the others. Mr. 

Blake contends (with Valenciennes) that the processes (six or eight) 

from which the tentacles originate in nautilus are homologous with the 

arms ot the cuttle-fishes, and that the tentacles are homologous with the 

suckers. The aptychus-bearing “hood” of the nautilus may be homolo- 

gous either with the anterior port of arms of the dibranchiates (the ar- 

gonaut thereby secretes its shell) or with the “neck-plates” just behind 

the eyes and in front of the “bone” of Sepia, or the generalized basis 

of both; but this the embryology of nautilus must determine. The shell 

of nautilus it is thought may be represented in the dibranchiates by 

the shell of Spirula, the phragmacone of a Belemnite, and the mucro of 
a Sepia-bone. The ink-bag which is developed late in the embryological 

history of the cuttle-fishes does not exist at all in nautilus. 

THE CEPHALOPODS OF EASTERN NORTH AMERICA.* 

In the earlier works upon the mollusks of the eastern coast of North 

America only three or four species were recorded, and until within the 

last few years that coast was supposed to have few inhabitants repre- 

senting that class. Since the institution of the labors of the Fish Com- 

mission, however, a number of new forms have been made known, and 

some of them represent new genera. Among the most noteworthy are 

species of gigantic cuttle-fish, of which quite a large number of speci- 

mens have now been discovered in various places on the Great Banks, 

and around or near the island of Newfoundland. The following are 

all the species that have been made known as inhabitants of the north- 

eastern coast of the United States to the end of 1880. 

DECAPODS. 

Architeuthis princeps V. Rossia Hyatti V. 
Harveyi V. sublevis V. 

Sthenoteuthis megaptera V. Sepiola leucoptera V. 

Ommastrephis illicebrosa (Les.) V. — Logilo Pealei (Les.) V. 
‘aonius pavo (Les.) Steenstrup. pallida V. 

hyperboreus Steenstrup. Parasira catenulata (Fer.) Steen- 
Histioteuthis Collinsit V. strup. 

Calliteuthis reversa V. Heteroteuthis tenera V. 

*Verrill (A. E.). Synopsis of the Cephalopoda of the northeastern coast of America; 

brief Contributions to Zoology from the Museum of Yale College. No. xty1. With 

plates x11 to xviI. Am. Journ. Science, (3), vol. xix, pp. 284-295. Also, notice of the 

remarkable Marine Fauna occupying the outer banks of the southern coast of New 

England. Am Journ. Science, (3,) vol. xx, pp. 390-408, 
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OcTOPODS. 

Octopus Bairdit V. Octopus lentus V. 
piscatorum V. Stauroteuthis syrtensis V. 

obesus V. Alloposus mollis V. 

VERTEBRATES. 

NOMENCLATURE OF LIMB SEGMENTS. 

In connection with an article on the Ichthyosaurian Sauranoaon (sub- 

sequently renamed Baptanodon),* Professor Marsh has proposed a new 

nomenclature for “the corresponding segments alike of the anterior 

and posterior limbs of the air breathing vertibrates.” Recalling that 

the terms “ phalanges” and “ metapodials” had already been applied 

and obtained general currency for the distal segments, he proposed to 

complete the nomenclature as follows : 

Anterior. Posterior. 

iPropopodial bones 2.2 -..6 e+. .-- Humerus. Femur. 

Epipodial bones........- Rea es Radius and ulna. ‘Tibia and fibula. 

Mesopodial bones.-.-........ - -+- -Carpals. Tarsals. 

Metapodiai bones...... Peas . ---Metacarpals. Metatarsals. 

Phalangial bones...... ......-.-Finger bones. Toe bones. 

THE SEMICIRCULAR CANALS OF VERTEBRATES. 

Dr. Francis Dercum has investigated the morphology of the semi- 

circular canals in the vertebrates.t He recalls the fact that the structure 

of the mucous canals and of the semicircular canals is very similar, as 

Leydig, in 1850, had already observed. Deeming this analogy complete 

he asks, “‘ Would it now be too hazardous to suggest that the two 

organs which are so closely related in structure and which present 

such significant facts as regards nerve supply and embryological devel- 

opment, are related genetically? Such specialization would not be in- 

consistent. Let us see how it may have been brought about. In an 

organism provided with a general apparatus for the perception of vibra- 

tions, evidently the first thing that would take place would be the 

specialization of certain portions for certain classes of vibrations. This 

is what may have been the case with the lateral canals and the ear, 

each being a specialization in its own peculiar direction. The fact that 

the involution of the side organs in Teleosts does not take place until 

the organism is already far advanced towards the completion of its 

development, and the fact that the mucous canal in the embryo of 

Klasmobranchs does not appear until the epiblast has been differentiated 

*Marsh (O. C.). The limbs of Sauranodon, with notice of a new species. Am. 

Journ. Se. and Arts, (3), vol. xix, pp. 169-171, Feb., 1880. 

tDereum (Francis). On the Morphology of the Semicireular Canal, «Am. Nat., 

vol. xiii, pp. 366-374, June, 1879. 
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into its two layers, both imply that the side organs had for ages ex- 

isted as mere “nerve hills,” or nerve epithelium, projecting into the 

water, and this renders our idea not only possible but probable. In 

the course of evolution of the ear, the first differentiation of structure 

that occurred may have been as follows: Certain of these areas of 

nerve epithelium or sensory macule may, for functional specialization 

have become inclosed in canals. Now, for still greater specialization, 

the whole area containing the canals, with perhaps one or two maculz 

not yet inclosed, may have undergone a general process of involution, 

and thus given rise to the vestibule and semi-circular canals.” 

FISHES, ETO. 

NOTEWORTHY WORKS, ETC. 

The classes of Leptocardians, Marsipobranchiates, Selachians, and 
Fishes are still so generally considered together under the old designa- 

tion of Ichthyology that it is convenient in practice for the present at 

least to recognize this grouping. The number of men deserving of scien- 

tific consideration who would now refuse the term of classes to at least 

three of those groups, however, is very small. 

Among the general works on ‘ Ichthyology,” thus understood, that 

have been published during the past year or two, are “An Introduction 

to the Study of Fishes,” by Dr. A. Giinther, and parts relative to Ich- 

thyology of the general works on natural history of Brehm’s “ Allge- 

meine Kunde des Thierreiches; and Cassell’s Natural History (by H. G. 

Seeley). The influence of Dr. Giinther is exhibited not only in his own 

work, but in the others noticed, and it is with regret that we have to 
add that influence has beer for evil and to propagate and continue in- 

definitely some of the most unsound ideas and systematic essays that 

have emanated from any worker in zoology. 
The geographical distribution of fishes in general has been treated of 

by L. Tillier. The species collected by the Challenger expedition have 

in part (the shore fishes) been enumerated, and the new ones described 
and illustrated, by A. Giinther; Arctic species have been reported on 

by R. Collet, C. Liitken, and T. Bean; North American species have 

been described by D. S. Jordan, C. H. Gilbert, G. B. Goode, E. D. Cope, 

W.N. Lockington, &c.; those of South America by F. Steindachner ; 
Australian species by Castelnau, H. Jouan, C. B. Klunzinger, Wc. ; 

African species by C. Dambeck, &e. 

The transformations which fishes undergo after exclusion from the 

egg have been studied by C. Liitken and C. Emery. 

The temperature of the blood in a considerable number of species has 

been ascertained by J. R. Kidder. His observations are noteworthy on 

account of the modifications which they necessitate in the statements 

respecting these animals current in the books. 
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The anatomy of fishes has received attention from many investigators, 
among whom are Olga Metschnikoff, M. von Davidoff, and G. Swirski, 

who have treated of the shoulder and pelvic girdles in whole or part; A. 

Cisow, who has studied the ear; G. Carlet, who has examined the scales; 
and M. Ussow, who has sought to explain the function of the ‘“eye-spots” 

on the sides of scopelids and other types; Ad. von La Valette St. George, 

who has elucidated the adipose fin, and J. E. V. Boas, who has dissected 

the heart and contiguous parts in Butirinus and related fishes. 

Certain groups have also received special attention. Omitting all 

reference to work on the Teleosts, Petromyzon has been anatomized by 

R. Weidersheim and J. E. V. Boas; the Selachians have been investi- 

gated by G. B. Ercolani, C. Hasse, 8. M. Garman, and H. Rabl Ruckhard; 

the osteology of Polyodon has been described by T. W. Bridge, and the 

embryology of Lepidosteus by A. Agassiz. Fossil fishes have been 

described by E. D. Cope, J. W. Davis, and R. H. Traquair. 

ORIGIN OF SOUNDS PRODUCED BY FISHES.* 

Many fishes are known to emit sounds of various kinds, and among 
those inhabiting the United States are the drum-fish and other sciz- 

nids as well as the catfishes. As to the drum-fish a recent writer (Dr. 

Giinther, “ Introduction to the Study of Fishes,” p. 427) has assuined that 
‘a tremulous motion” is communicated to vessels, and that the noise is 

probably “produced by the fishes beating their tails against the bottom 

of the vessel in order to get rid of parasites.” This remarkable hypoth- 

esis renders exact observations noteworthy. The subject has received 

attention from several naturalists, and among them Mr. W. Sorensen, 

who has communicated to the French Academy of Sciences an abstract 

of a memoir which is to be published in full in the ‘ Naturhistorisk 

Tidsskrift,” of Copenhagen. Mr. Sérensen’s observations were made on 

South American Characinids and Silurids. ‘The sound is produced by 

the action of the muscles which are inserted either directly in the swim- 

ming-bladder or upon the transverse apophyses of the third vertebra. 

In the Characini the elastie parts of the swimming-bladder are stretched 

in the direction of their length by the contraction of the muscles, and 
the vibration that results from this rhythmic movement is transmitted 

to the air contained in the cavity of the swimming-bladder. In the 

Siluroids the anterior portion of the swimming-bladder is drawn alter- 

nately forward and backward by the contraction and relaxation of the 

muscles. During these movements the air in passing across the incom- 

plete transverse septa sets the latter in vibration, and the sound is pro- 

duced. The height, or rather the depth, of the sound is in direct propor- 

tion to the rapidity of the vibrations of the springs,”—the ‘** springs” 

being the transverse apophyses of the vertebre. 

* Sérensen (W.) On the Apparatus of Sound in some South American Fishes. Ann. 

Mag. Nat. Hist., (5,) vol. iv, pp. 99-100. (From Comptes Rendus, May 19, 1879.) 
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THE FUNCTIONS OF THE AIR-BLADDER. 

The physiological relations of the swimming-bladder of fishes have 

been considered by Professor Marangoni, in a special communication to 

the French Academy of Sciences.* Some of the views enunciated were 

quite novel; whether they are entirely tenable remains to be seen. (1) 

It was contended that one of the principal results of the development 

of the bladder was exhibited in the migration of fishes; those destitute 
of that organ do not leave bottoms of little depth where there is tepid 

water, while those possessing it, which live in deep, cold water, periodi- 

cally seek the warmer surface water to deposit their ova. (2) If living 

and dead fishes are placed in a vessel three-quarters full of water, and 

the air be then compressed, it is seen that the dead fish fall downward 

while the living ascend toward the surface, but if the air is rarefied the 

contrary is the result. They suffer from the passive influence due to 

hydrostatic pressure, and when brought from great depths the bladder 

is often ruptured. (3) The development of the bladder entails on the 

fish a double instability: (a) that of level, and (b) that of position. (a) 

A fish with its bladder adapted to the conditions existing at a certain 

depth may, through variation in pressure, be forced either upwards or 

downwards, and is thus in unstable equilibrium as to level. (b) The 
bladder being in the abdomen below the vertebral column, the centre 

of gravity is above the centre of pressure, and the animal is consequently 

constantly liable to inversion, and such inversion, in fact, results when 

inaction or death supervenes. This two-fold instability compels fishes 

to a constant gymnastic movement, and probably tends to conserve 

their strength and agility. 

TEMPERATURE OF FISHES. 

It has been generally asserted that the temperature of fishes was little 

above that of the surrounding element, except in the case of certain forms, 

such as representatives of the mackerel tribe—the tunny, bonito, &¢.— 

which have been stated to havea temperature of 90° F. when the surround- 

ing medium was 80.59. This statement has, however, been challenged, 

and Dr. Kidder availed himself of the opportunities offered him while 

attached as surgeon to the United States Fish Commission steamer in 

1879, to institute investigations upon the subject.t All the observations 

previously made, according to Dr. Kidder, had been confined to the intesti- 

nal canal, the thermometer being placed into the rectum or csophagus. 

It is, however, by no means in either extremity of the intestinal canal 
that we should look for the body temperature of a fish. In point of 

fact the experiments show clearly enough that the rectum temperature 

*Marangoni (C.). Fonctions de la Vessie Natatoire des Poissons. Comptes Rend. 

Acad. Sc., Paris, t. xc, pp. 1293, 1294. 

t Kidder (J. H.). Report of Experiments upon the Animal Heat of Fishes, &c. Proc. 

U. S. Nat. Mus., vol. ii, pp. 306-326, 1879. 
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rarely exceeds that of the water in which the fish swims by so much as 

a degree, ‘so that it may be quite safely taken as an index to the latter 

temperature when there is no deep-sea thermometer at hand.” 

The experiments of Dr. Kidder were made not only in the rectum and 

stomach, but in various parts of the muscular tissues, the large venous 

trunks, the cavity of the thorax after opening the heart, the interior of 

the heart, and branchial artery, and the young fish intheovary. Although 

Dr. Kidder admits the results to be only tentative, he considers that 

enough has been ascertained to show that fishes do develop animal heat 

by their own vital processes in the same manner, but in a less degree, 
as do the higher vertebrate animals, and that they will be found to mani- 

fest a temperature much above the water in which they swim. The 

temperature, however, varies according to the organization and the 

species. Thus the dog-fish (Squalus acanthias), in common with other 

sharks, ‘* possessing a far more perfect digestive and circulatory sys- 

tem than the cod, shows a much greater excess of blood tempera- 

ture above that of the surrounding water; and cod taken at the depth 

of 15 fathoms in water at 52° F., show a less excess than others taken 

in 25 fathoms at 41° F., but a greater excess than blue-fish (Poma- 

tomus saltatrix (Linn.) Gill) taken at the surface, at 69° and 70°, which 

is presumably nearer the normal temperature of the last-named fish.” 

Ninety-seven fishes, representing 16 species, were experimented upon 

by Dr. Kidder, and, throwing out doubtful and imperfect observations, 
the following is a summary of the results: 

Temperature | Temperature | Temperature 
Fish. of surround- of rectum of circulation Remarks. 

ing water. above water. | above water. 

\ 

Degrees. Degrees. Degrees. 

Codec sa 24. oe eee 39-42 0.98 4.63 
ad docks essen. eee ee Oe eee ae 1.3 5.3 
ROW OCK es S. sac nah eos tes oaeee 42 2.4 4.5 
RG grin seas tes ee ee eee 42 2.4 9.8 | Spawning. 
BluetishiasNeceec. ease soe eeee eee Were 0.25 *1.59 

DO See Sh Sz sc Sees ee eee 70.5 0.5 lle 7/ 
inker- mackerel ceosmesee eee 65 4.1 ss |) CCM Mavorerae 
Sea only SS IDA We soo GAe so 5bH GOP esas 2.3 Do. 
SCullpinie Sees se oe eee aera 60 0.8 3) Do. 
DERLAM aes la nome oscisee ce ccees AUN OW llega aoodaeoae 4.4 | Stomach, 
Pel POUb aes ase saa V as ces esas | Se ee eres 3 6 
BU Ound eres ees ee soe ie ae AQ” Wiss Ssectasease 3 
Woes heme as see sisecsis eee es 42 4.4 12 
Dogtish, young in ovary -........ AD | Saseseistesse 20.6 

* Below t Above 

THE OVARIES OF TELEOST FISHES. 

Dreads Brock has investigated the anatomy and histology of the organs 

of reproduction in the male as well as female of teleost fishes.* The 

*Brock (J.). Beitriige zur Anatomie und Histologie der Geschlechtsorgane der 

Knockenfische. 
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female organs were found to present a number of varieties in the distribu- 
tion of the eggs upon the surface of the lamelle. As these differences 

will prove of interest to the systematist and pisciculturist, the analytical 
table classifying them is here reproduced. 

A. Ovary without duct. 

1. Ovary consisting of a simple lamina (Anguilla). 
2. Ovary consisting of numerous lamin (Salmonide). 

B. Ovary with duct. 

1. Ovigerous surface confined to a narrow strip of the wall of the ovary 

or forming a duplicature of the wall, with which it is in con- 
nection by narrow stripes (Scorpena, &c). 

2. Ovigerous surface occupying the greater part of the ovarian wall. 

a. Ova originate in irregular processes of the wall (Lopohbran- 

chit, &e.). 

b. Ova originate in definite lamellze or duplicatures of the ovarian 

wall. 

1. Lamelle parallel to long axis of ovary. 

a. Whole wall of ovary beset with lamelle: canal central 

(Sargus, Scomber, &c.). 
b. Part of wall of ovary devoid of lamellwe; canal lateral 

(not yet observed). 

2. Lamelle parallel to transverse axis of ovary. 

a. Ovarian canal central (Perca, Clupea, &c.). 

b. Ovarian canal lateral (Cyprinoids). 

THE FLIGHT OF FLYING-FISHES. 

The characteristics of the flight of flying-fishes have been much dis- 

cussed and have given rise to a considerable controversial literature. 

In 1878, Prof. Carl Mébius re-examined the question from an anatomical 
and physiological as well as an observational basis, and gave his views 

in quite an elaborate memoir.* Both the Exoceetines and Dactylop- 

terines were considered. As a result of his studies Professor Mébius 

came to the conclusion that the pectoral fins are not at all actively 

employed during flight; that the fishes ‘do not raise themselves, but 

are passively raised by the ascending currents of air, which are caught in 

the grooves on the under surface of their pectoral fins.” It is admitted, 
however, that either an erocetus or dactylopterus may “make powerful 

and plainly recognizable movements with its tail and pectorals during 

its ascent (out of water), and even occasionally in the middle of its course, 

if prompted thereto by astrong wetting of the body by the waves.” These 

opinions have been challenged lately, and have provoked several com- 

munications. 

Mr. C. O. Whitmant made special observations in the flight of Exocete 

*Mobius (Carl). Die Bewegungen der fliegenden Fische durch die luft. Zeitschrift 

fiir wissenschaftliche Zoologie, vol. xxx; Supplement, p. 343. 

tWhitman (C. O.). Do Flying Fish fly? Am. Nat., vol. xiv, pp. 641-654. 

S. Mis. 31——24 
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during a voyage from San Francisco to Yokohama, and maintains (1) 
that he saw them out of water ‘‘when the air was almost motionless” and 
that, in fact, “they were not much, if at all less numerous on such occasions 
than when there was a moderate wind”; (2) that the flapping move- 

ment is quite regular and very rapid ; and (3) that this movement “may 

be continued” for the whole or a part of the flight, but 7s generally discon- 

tinued after the first few rods, and the course completed by a pure 

skimming or sailing movement.” It is further claimed that “the course 

of the flight is generally in a straight or curved line,” but is sometimes 

abruptiy changed, “apparently by the aid of the tail,” or rather the lower 

lobe of the caudal fin. The average flight, it is thought, ‘‘does not per- 

haps exceed fifteen seconds, nor extend above four or five hundred feet”; 
the longest observed “lasted not less than forty seconds, and its extent 

was undoubtedly over eight hundred feet, and may have exceeded twelve 

hundred feet.” 

Prof. D. S. Jordan also carefully examined the flight of an Hxocetus 

(H. californicus) in the waters of Southern California.* He observed it 
best ‘tin early morning when both air and water were free from motion.” 

“On rising from the water the movements of the tail are continued for 

some seconds until the whole body is out of water. While the tail is in 

motion the pectorals are in a state of very rapid vibration, and the 

ventrals are folded. When the action of the tail ceases, the pectorals 

and ventrals are spread, and, as far as we can see, held at rest. When 
the fish begins to fall, the tail touches the water and the motion of the 
pectorals recommences, and it is enabled to resume its flight, which it 

finally finishes by falling in the water with a splash.” The flight was 

thought to sometimes extend to ‘nearly a quarter of a mile.” 

AFFINITIES OF PLEURACANTHUS.t 

Inthe Carboniferousand Permian deposits have been found the remains 

of fishes described under the name of Pleuracanthus, whose affinities 
have been involved in considerable doubt. They have been mostly re- 

ferred to the Selachians, although suggestions have been made that 

they may belong rather to the Teleosts. The question has lately been 

reopened by Mr. James W. Davis, and he has come to the conclusion 
that they claim a nearer relationship to the Teleosts than to the Elasmo- 

branchs, although there is equal reason to believe that they possess 

many characteristics in common with the Sharks and Rays, and he 

is therefore led to place the genus in an intermediate position between 

the two. The affinities he thinks are decidedly on the side of the Silu- 

roids, and it is reasonable, he thinks, to consider them as forerunners of 
that great group of fishes. 

‘‘ It remains,” he says, ‘‘to be seen what were the successive steps in 

*Jordan (D.S8.). Do Flying Fish fly? Am. Nat., vol. xiv, pp. 804, 805. 

t Davis (J. W.). On the Teleostean Affinities of the genus Pleuracanthus. Ann 
Mag. Nat. Hist., (5,) vol. v, pp. 349-357, 
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development which have resulted in the completely ossified and highly 

organized Siluroids now existing.” 

.We give these results of Mr. Davis’ investigation on account of the 

importance of the question involved, but it seems best to add that there 

can be no close relationship between the Teleosts and the Selachians, 
and that the question as to the relationship of the palzeozoic fishes can 

only be ascertained after the examination of specimens in a far more 

satisfactory condition than any that have yet been found. 

THE PLATYSOMIDS AND PALAZONISCIDS. 

Two of the most frequently occuyring groups of fishes occurring in the 

paleozoic formation are the Paloniscidz and the Platysomide. The 

affinities of these types have been but little understood heretofore, and 

Dr. R. H. Traquair has therefore been led to a re-examination of the 

subject.* He has reached the following conclusions: 

“1. That the Platysomide are specialized forms, which have, if the 
doctrine of descent be true, been derived from the Paleoniscida. Their 

structure presents us simply with a modification of the Palzoniscoid 

type; and wherever the Paloniscide are placed in the system, thither 

the Platysomidz must follow. 

“2, The resemblances between the Platysomid and the Dapediide 

and Pyenodontide are mere resemblances of analogy and not of real 

affinity. The Dapediide are related not to the Palzoniscide or Platy- 

somide, but to the other semiheterocercal Ganoids of the Jurassic era 

(Lepidotus, &e.); and the Pyenodonts are higly specialized forms, whose 
general affinities point in the same direction.” 

Professor Traquair concludes that the Palewoniscidee and Platysomide 

belong to the “‘Acipenseroid sub-order of Ganoids.” 

The characters ascertained to distinguish the Platysomidz and Pal- 

eeoniscidz scarcely appear to warrant the conclusions of Professor 'Tra- 

quair. Professor Cope, indeed, has been led by the consideration of 

Professor Traquair’s studies to a very different result, and one approx- 

imating, apparently, more to nature. Copet has proposed to differentiate 

the forms in question as representatives of ‘a distinct group of the same 

rank as those [he has] called orders,” and given to it the name Lysopter?. 

They are defined as ‘‘actinopterous fishes, with the median fin-rays not 

joined to the interhzmal and interneural bones, and not coinciding with 
them in number; and without suboperculum.” 

ON THE SEXES OF THE EELS. t 

As is generally known, the subject of the reproduction of the eels was 

* Traquair (Ramsay H.). The Platysomide. Ann. Mag. Nat. Hist., (5), vol. vi, pp. 

97,98. On the Structure and Affinities of the Platysomide. Trans. Roy. Soc. Edin- 

burgh, vol. xxix, pp. 343-391, pl. 3-6. 

tCope(E. D.). Traquair on Platysomide. Am. Nat., vol. xiv, pp. 439, 440. 

t Cattie (S. Th.). Ueber die Genitalien der miinnlichen Aale und ihre sexual Unter- 

scheide. Zool. Anz., vol. iii, pp. 275-279. (On the Genitalia of male Eels and their 

sexual characters. Proc. U. S Nat. Mus., vol. iii, pp. 280-284.) 
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for a long time involved in obscurity, but many data have been accu- 

mulated within the last few years, and now we have the elements for ¢ 

pretty satisfactory determination of the sexes. The ova and milt have 
been found by several investigators, and the last statement is that the 
individuals of the two sexes may be distinguished by external character- 

istics. In the female eel the snout is comparatively narrow, and a very 

considerable size is sometimes attained. In the male eel the snout is 

notably broader, and the length attained rarely exceeds 19 or 20 inches. 

The eggs of eels when mature are only about one-tenth of a millimeter 

in diameter, and there are several millions in the ovary of a moderate- 

sized individual. It is now well determined that they go to the sea, and 
there. the sexual organs are developed, and in comparatively deep water 

the ova are deposited and fecundated. The young in due time ascend the 

rivers. The eel is thus an example of a catadromous fish—that is, one 
descending from the fresh water into the sea to breed ; and thus contrasts 
with the salmon, shad, &c., which are anadromous—that is, ascending 

from the sea into fresh water to breed. 

PLEURONECTIDS WITHOUT PECTORALS. 

As is well known, some of the Soleids are more or less deficient in 

pectoral fins, and one genus has been named on account of the total 

absence of these members Achirus. Until lately, however, no Pleuwro- 
nectids, in the restricted sense of the term, were known to be destitute 

of the fins. There nevertheless seem to be quite a number of forms be- 

longing to the family inhabiting waters of considerable depth in which 

the pectorals are reduced, or may be even almost entirely wanting. 

Several types show gradations in that the fins in question are less de- 

veloped and that of the blind side disproportionately small, but in 

Monolene sessilicauda of Goode* the pectoral fin on the blind side is 

“totally absent,” and in a new type called Lepidopsetta maculata by 

Giinther, discovered by the Challenger expedition near the Antarctic 

Ocean, ‘‘off Prince Edward’s Island,” we have the “pectoral entirely 
absent on the blind side, and represented by a small rudiment only on 

the colored.” + 
It may be here added that Lepidopsetta of Giinther is entirely dif- 

ferent from Lepidopsetta of Gill, and therefore should have a different 
name. Mancopsetta may be substituted and refers to the defective 

provision with fins. 

*Goode (G. Brown). Descriptions of seven new species of fishes from deep soundings 

on the southern New England coast, with diagnoses of two undescribed genera of 

Flounders, and a new genus related to Merlucius. Proc. U. S. Nat. Mus., vol. iii., 

pp. 337-350 (338). 

+ Giinther (Albert). Report on the scientific results of the voyage of H. M. 8. Chal- 

lenger during the years 1873~76. Zoology, vol. i, part vi. Report on the Shore 
Fishes. London, 1880. (p. 18.) 
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A NEW CALIFORNIAN FAMILY OF FISHES. 

A couple of remarkable forms were discovered, during 1880, in the 
Californian seas, by Messrs. Lockington, Jordan, and Gilbert. Mr. Lock- 

ington named the species discovered by him Icosteus enigmaticus,* while 

that obtained by Messrs. Jordan and Gilbert has been called Icichthys 

Lockingtoni.t Both these forms inhabit tolerably deep water, and, indeed, 

are known as “deep-water fish” by the fish-dealers of San Francisco. 

The forms thus referred to differ in a number of peculiarities from each 

other, but essentially agree and have been associated by Messrs. Jordan 

and Gilbert under one family, to which the name Icosteidw has been 

given. The chief distinctive character is the imperfection of the ossifi- 

cation and the consequently flexible bones, as well as limpness and 

flabbiness of the body and integuments. The family is considered to 

belong to the Trachinoid group, and is defined as follows: 

“Body oblong, compressed. Head, moderate, unarmed; the sub- 

orbital without bony stay. Mouth terminal, little oblique; the premax- 

illary not protractile; the maxillary slender. Teeth minute, sharp, 

erect, in one series on the jaws only. No barbels. Gills 4, a slit behind 

the fourth. Gill-openings wide; the membranes free from the isthmus. 

Gill-rakers slender. Branchiostegals 7. Dorsal and anal fins long, with- 

out spines. Caudal fin with many recurrent accessory rays, on a slender 

peduncle. Pectoral fins rounded, with the carpal bones slightly ex- 

serted. Ventral fins thoracic, 1,5, or 1,4. Vent normal, without anal 

papilla. Pseudobranchie present.” 

Tcosteus has a naked body (save some spinules along the lateral line), 

and the ventrals quadriradiate (I, 4). Jcichthys has smali scales, and 

the ventrals quinqueradiate (I, 5). 

A NEW ECONOMICAL FISH. 

On the banks off the American coast, in about latitude 40° N. and 

longitude 70° W., is found a fish in large numbers of a type previously 

to 1879 undescribed.t It has been made known by Messrs. Goode and 

Bean, under the name Lopholatilus chameleonticeps. It belongs to the 

family Latilide, and its few-rayed vertical fins and other characters ap- 

proximate it to the genus Latilus, but it is distinguished from all other 

representatives of the family, and, indeed, from all related fishes, by the 

development of a large adipose appendage, resembling the adipose fin of 

the Salmonida, upon the nape. The labial folds upon the sides of the 

* Lockington (W. N.). Description of a new genus and some new species of Califor- 

nia Fishes (Icosteus wnigmaticus and Osmerus attenuatus). Proc. U. S Nat. Mus., vol. 

iii, pp. 63-68. 

+ Jordan (David S.), and Charles R. Gilbert. Description of a new species of deep- 

water Fish (Icichthys Lockingtoni) from the coast of California. Proc. U. S. Nat. Mus., 

vol. iii, pp. 305-308. 

t Goode (G. Brown), and Tarlton H. Bean. Description of a new genus and species of 

Fish, Lopholatilus chameleonticeps, from the south coast of New England. Prov. U.S. 

Nat. Mus., vol. iii, pp. 205, 206, 1879. 
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mouth are also developed into fleshy prolongations, or tentacles. The 

species attains a large size, sometimes reaching or even exceeding the 

weight of fifty pounds. In life the color is brilliant ; above it has a vio- 

Jaceous tint, while the lower parts are whitish, with some areas of 
yellow. There are numerous greenish-yellow spots, the largest about a 

third of the diameter of the eye; across the caudal fin are about eight 
stripes of the same color. ‘The soft dorsal has an upper broad band 

of violaceous, and a narrow basal portion of whitish.” The first speci- 

mens obtained “ were caught with menhaden bait in July, 1879, while 
trying for cod, fifty miles south by east of No Man’s Land,” at a depth 

of 75 fathoms, and on a very bard clay bottom. ‘Two miles inside of 

this bottom there is nothing but a green 00ze, on which no fish will live.” 

The Lopholatilus is very abundant and bites freely. Large numbers 

have been taken since the discovery, and it is possible that the species 

may become a regular object of fishery. 

THE ROCK-FISHES OF CALIFORNIA. 

One of the most interesting and unexpected results of the investiga- 

tions of Messrs Jordan and Gilbert* among the fishes of the Pacific 

coast of North America is the great development of species of the family 

of Scorpenids representing the genus Sebastichthys or closely related 

ones. Excluding Sebastodes, eleven species had been previously made 

known, and even then it was considered to be a remarkably well devel- 
oped type, but the recent investigations of Messrs. Jordan and Gilbert 

have revealed the existence of not less than 25 species. ‘These occur in 

different associations, and are found in several bathymetrical zones; 
they are mostly caught in large numbers by the Italian and Portugese 

fishermen, and taken to the markets of San Francisco. They exhibit 

almost every gradation in the extent of the armature of the head, and 

the transition between the typical representatives of the groups Sebas- 

tichthys and Sebastosomus are such as to indicate that they are of not more 

than subgeneric value. Some of the species are very formidably armed, 

as in the case of the S. nigrocinctus and S. serriceps, while others, as the 

S. melanops and S. flavidus, have the spinous ridges almost obsolete. 
Several species are very vividly colored. Suchis especially the S. rubri- 

*Jordan (David §8.), and Charles H. Gilbert. Description of a new species of 

“Rock-cod” (Sebastichthys serriceps), from the coast of California. Proc. U. S. Nat. 

Mus., vol. iii, pp. 38-40. 

Description of a new species of ‘‘ Rock-fish” (Sebastichthys carnatus), from the 

coast of California. Proc. U. 8. Nat. Mus., vol. iii, pp. 73-75. 
Description of two new species of Sebastichthys (Sebastichthys entomelas and 

Sebastichthys rhodochloris), from Monterey Bay, California. Proc. U. S. Nat. Mus., 

vol. iii, pp. 142-146. 

Description of seven new species of Sebastoid fishes from the coast of Cali- 

fornia. Proc. U. S. Nat. Mus., vol. iii, pp. 287-298. 
Description of a new Scorpenoid fish (Sebastichthys maliger), from the coast of 

California. Proc. U. S. Nat. Mus., vol. iii, pp. 322-324. 

Description of a new Scorpenoid fish (Sebastichthys proriger), from Monterey 

Bay, California. Proc. U. S. Nat. Mus., vol. iii, pp. 327-329. 
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vinctus, which is known to the fishermen as the Spanish Flag, and is, ac- 
cording to Jordan and Gilbert, “the most brilliantly colored large fish 

on the Pacific coast.” Of the species of the genus as understood by our 

authors, 25 have been already detected in or near the bay of San Fran- 

cisco, 25 in Monterey Bay, 14 at Santa Barbara, 5 at San Diego, and 9 

occur as far north as Puget Sound. 

A DEEP-SEA ROCK-FISH. 

As has been indicated with regard to the Californian Scorpnids, the 

successive bathymetrical zones are inhabited by different species, and 

as we descend downwards we find one set of species gradually disap- 

pear, to be succeeded in the lower zone by another combination. It has 
been conjectured that in still deeper water we may find yet other forms. 

What may be expected is suggested by a species secured by the Chal- 

lenger Expedition in the * Inland Sea of Japan,” off Inosima, at a depth 
ot 345 fathoms.” It has been illustrated by Dr. Giinther (Report on 
the Shore Fishes, p. 65, pl. 27),* under the name of Sebastes macrochir, 

without any consideration of its relations. It is, nevertheless, note- 

worthy for several peculiarities. The typical species of Sebastes have 

15 (1441) dorsal spines and about 30 (e. g., 12419) vertebree, while 
the species of Sebastichthys and allied forms have 12 or 13 (12+1) dorsal 

spines, and 24 (14410) vertebrae. The ‘ Sebastes macrochir” has, like 

the typical species of Sebastes, 15 (1441) dorsal spines, but the verte- 

bre are unknown, although they are probably developed in increased 

numbers. (The soft portion of the dorsal is said by Dr. Giinther to have 
Six rays, but nine are figured.) The principal characteristics of the spe- 

cies, however, are the peculiar structure of the pectorals and ventrals, 

and the position of the latter. The pectorals have a wide base, and are 

produced backwards near the upper margin (and not medially), while 

the (five) lower rays are thickened and extend much beyond the rays 

next above in a linguiform lobe; the ventrals are situated directly un- 
der (and not behind) the axils of the pectorals, and the outer rays are 

produced thick and unbranched. These characteristics are the more 

noteworthy, inasmuch as many deep-sea fishes have the lower pectoral 

and ventral rays differentiated and modified as “feelers.” The ‘Sebastes 

macrochir” is evidently not a true “Sebastes,” and, on account of the form 
of the pectorals and position of the ventrals just indicated, should be 

distinguished generically. It may be called Sebastolobus macrochir. 

REPTILES, ETC. 

FEATURES OF PROGRESS. 

Like ichthyology, herpetology is a common denominator for very dif- 

ferent classes-—the amphibians and reptiles—which receive attention 

*Giinther (Albart). Report on the Scientific Results of the Voyage of H. M.S. Chal- 

lenger. Zoology, vol. i, part vi. Report on the Shore Fishes. London, 1880. 4to., 

82 pp., 32 pl. 
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as a whole from the same specialists. As in the case of ichthyology, only 

a few of the numerous contributions to the branch made during the past 
two years can be referred to. 

The systematic arrangement has been exhibited in the popular works 

on natural history published under the names of Bronn (by C. K. 

Hoffman), Brehm, and Cassell (by H. G. Seeley). 
The skull has been examined in various stages of development by P. 

Stohr (for Urodela), and W. K. Parker (for typical lizards, chameleons, 

and turtles), while R. Wiedersheim has monographed the entire skele- 

ton of a salamander—Pleurodeles. The heart and its funetions have 

been studied by M. Lourt, B. Luchsinger, and G. Siebert; and the 
Embryology by C. von Bambeke and F. M. Balfour (for the lizards). 

New species have been described by many, E. D. Cope being the most 

prominent among American naturalists, while several marine chelonians 

have received new names from S. W. Garman. 

Various faunas have likewise received attention. O. Boettger and E. 

Boser have attended to the Portuguese Amphibians and A. Tourneville 

to the French ones, and discovered what they have considered to be 
“new species” in those old, long-known countries. 

The Cecilians have been investigated by both W. Peters and R. 

Wiedersheim ; the poisonous serpents of Europe by E. de Betta. 

The extinct species have received the attention of E. D. Cope and QO. 

C. Marsh in the United States, and in England of J. W. Hulke, R. Owen, 

H. G. Seeley, and W. H. Twelvetrees. 

ICHTHYOSAURUS VIVIPAROUS. 

Within the body cavity of various Ichthyosauri small individuals of 

the form have been several times found, and it has been generally 

supposed that they had been devoured by the large ones. Professor 

Seeley has, however, looked into the question, and has come to the con- 

clusion that Ichthyosaurus was really viviparous. ‘The position of the 

small skeletons within the body is such as to make the viviparity of the 

animal much more probable than the inclusion by swallowing. There is 

at any rate no inherent improbability whatever in the viviparity of 

the type. Indeed the question whether a reptile is viviparous or ovipa- 

rous is of comparatively little moment, as it simply depends upon a slight 

degree of retardation in the retention of the ova, or the inclusion for a 
slightly longer time within the body of the parent. There is no signifi- 

cance such as exists between the viviparity of mammals and the oviparity 

of birds. (Academy ; also, Am. Nat., vol. xiv, p. 60, January, 1880.) 

THE LIMBS OF MOSASAUROIDS.* 

Among the most interesting of the reptiles of the Cretaceous epoch 

* Marsh (O. C.). New Characters of Mosasauroid Reptiles. Am. Jour. Science, (3,) 

vol. xiv, pp. 83-87, pl. 1. 

Owen (R.). On the occurrence of rare extinct Vertebrates found fragmentarily in 

England. No.3. Ann. and Mag. Nat. Hist., (5,) vol. v, pp. 177-181, pl. 8. 
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are the Mosasauroids, first introduced to science through a gigantic 

“Saurian” whose remains were found in the valley of the Meuse in Ger- 

many (whence the name). Recent discoveries in America have greatly 
enlightened us as to the characteristics and peculiarities of structure of 

the type. The group was much better developed in America than 

in Europe, and the skeleton is now tolerably well known. It has been 

asserted that the form was destitute of limbs, or at least of a pelvis and 

sternum, and that in this as well as in other respects it approached the 

Ophidians rather than the true Saurians. Professor Marsh has recently 

discovered remains which prove conclusively that they had a well-de- 

veloped scapular arch and a sternum of goodly proportions, and that 

there was an equally well developed pelvis, with pubic, iliac, and ischiae 

bones, all distinct and of good size. Another bone, not previously found, 
is the ‘transverse bone” of Cuvier, or ‘‘ectopterygoid” of Owen. This 

has likewise been detected in several genera, and is an L-shaped bone, 

suturally united by one ramus with the corresponding processes of the 

“pterygoid” and joining at the other the posterior end of the maxillary. 

Professor Marsh has further identified (1) as pterygoid bones, those 

also called pterygoid by Cuvier and which have well developed teeth, 

while he considers (2) as palatines, small edentulous bones in front and 

outside the pterygoids, and interposed between them and the slender yo- 

mers. Hence Professor Marsh concludes that the new characters thus 

presented are all Lacertilian rather that Ophidian, but inasmuch as the 

Mosasauroids are distinguished by various important characters, he 

proposes to segregate them, as a suborder under the name ‘“ Mosasauria.” 

As a previous name had been given to the group, however—Pythono- 

morpha—that name should be retained, whatever may be the valuation 
that attaches to the distinctive characters. 

BIRDS. 

ILLUSTRATED VOLUMES, ETC. 

The usual activity has been manifested by ornithologists. The tend- 

ency to give an exaggerated value to trivial characters still lingers. 

One author,* for example, recognizes two subclasses and 26 orders in 

this most homogeneous of types, and for the little morphologically diversi- 

fied Passeres not less than 535 families are provided! Numerous memoirs 

on the birds of special regions, on various groups of the class, on the 

anatomy of certain types, and on the system in general have been pub- 

lished in the organs of sundry societies and in other periodicals and 

reviews. A number of special volumes have also been issued, and among 
such the following serial publications are the most noteworthy. 

Of faunistic works are: F. DUC. GODMAN.and O. SALVIN’S “ Biologia 

Centrali-Americana” (parts 1 to 7); J. GOULD’s “ Birds of Asia” (parts 

~ * Sclater (P. L). Remarks on the present state of the Systema Avium. Ibis, (4,) 

Vol. iv, pp. 340-350, 399-410. 
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-32); J. GOULD’s “ Birds of New Guinea and adjacent Papuan Islands,” 
&e. (parts 9-11); V. LEGGE’s “ History of the Birds of Ceylon” (part3); 
T. SALVADORY’S, ‘ Prodromus Ornithologie Papuasie et Moluccarum 

(parts 6-9). 

Of families are: D. G. ELLIOT’S “ Monograph of the Bucerotide, or 

family of Hornbills (parts 7-8); J. GOULD’s “Supplement to the Tro- 

chilide, or Humming Birds” (part 1); P. L. SCLATER’s “ Monograph of 

the Jacamars and Puff-Birds, or families Galbulidz and Bucconide ” 

(part 4); G. E. SHELLEY’s “ Monograph of the Cinnyride, or family of 

Sun-Birds” (parts 7- ). 
And of continuations of general works are: H. SCHLEGEL’S “ Muséum 

Histoire Naturelle des Pays-Bas” (tome 8, including Tinamids and 

Megapodids); R. BOWDLERSHARPE’s “Catalogue of the Birds of the 

British Museum” (vol. 4, containing the ‘‘Campophagide and Muscica- 

pide ”). | 

THE ODONTORNITHES, OR TOOTHED BIRDS.* 

Perhaps the most trenchant ideas associated in our minds with birds 

relate to the development of the feathers, the insertion of the tail in a 

fan-like manner, and a bill destitute of true teeth, although frequently 

provided with serrations or special odontoid enlargements of the cutting 

edges. In the Cretaceous period, however, there must have existed many 

forms possessing characters in which they resembled reptiles rather than 

living birds. One of those types, as is now generally known, was distin- 

guished by the development of numerous caudal vertebree of elongated 

form, extended backwards, and provided with feathers on the lateral 
edges, thus contrasting remarkably with the abbreviated concentrated 

coccyx and radiate feathers of the living forms. This ancient type 

(Archwopteryx) also differed in so many respects from the typical birds, 

and on the other hand approached the reptiles, that even recently the 

opinion has been expressed by an eminent naturalist, Carl Vogt, that it 

was really a reptile rather than a bird. This form appears also to have 

been provided with well-developed teeth, although the exact characters 
of those teeth remain yet to be elucidated. In America there existed 

at nearly the same period forms which, in most respects, approached the 

typical birds more than did the Archwopteryx, but which, nevertheless, 

were distinguished by well marked characters. There were two of these 

types. : 

In one form the vertebre were bi-concave, (thus resembling those of 
fishes and the Gecko lizards,) and the teeth were well developed and 
implanted in regular disconnected sockets and partly shed and replaced. 

by others of later growth. The species possessing these characters, so 
far as they have come to light, had also large wing bones, and the meta- 

* Marsh, (O. C.). Odontornithes: A Monograph on the Extinct Toothed Birds of North 

America, with thirty-four plates and forty wood-cuts. Washington, Government 

Printing Office, 1880. 4to, pp. i-xv, 201. Also, A Monograph on the Odontornithes, 

or Toothed Birds of North America. By Prof. Marsh. Am. Jour. Science (3) vol. xxi, 

pp. 295-276. April, 1881. 
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carpals were anchylosed. These have been distinguished as typical of 

an order which has been called by Professor Marsh ‘‘Qdontotorme.” 

Another form had vertebra like those of living birds—7. e. saddle- 

shaped—and the teeth, although well developed, were implanted in a 

groove and not in distinct sockets. The wing bones in the typical forms 

were small, and no metacarpals have been found. These have been 

regarded as also constituting a distinct order, to which Professor Marsh 

has given the name “Odontolcw.” 

ARCH AZOPTERYX. 

It will be remembered that the scientific world was somewhat startled 

by the discovery in 1861 of the body of an animal in lithographic stone 

at Solenhofen in Bavaria, which appeared to be intermediate between 

the reptiles and the birds, and which exhibited a combination of charac- 

teristics found in neither of those classes. While by some it was believed 

to bea reptile, by Professor Owen, who gave an elaborate monograph ot 

it, it was referred to the class of birds, and since then has generally been 

conceded to belong thereto. Lately asecond specimen has been found by 

Mr. Haberlein, a sonof the discoverer of the first, and has been the subject 

of a renewed examination by Prof. Carl Vogt.* Some additional char- 

acteristics have been revealed by the specimen; the head is preserved 

in a much better condition than in the first specimen, and the jaws can 

be examined. The latter in the upper mandible has two small conical 

pointed teeth. Thefollowing summary gives the conclusion of Professor 

Vogt: 

“The head, the neck, the thorax with the ribs, the tail, the thoracic 

girdle, and the whole anterior member are clearly constructed as in rep- 

tiles; the pelvis has probably more relation to that of reptiles than that 

of birds; the posterior limb, on the contrary, is that of a bird. In all 

respects the reptilian homologies predominate in the skeleton. There 

remain the feathers. Here there is no doubt; they are birds’ feathers 

with a central rachis and with perfectly formed balbules. The horny 

substance of the feathers has disappeared, but the model in the fine 

paste of the lithographic stone is so complete that we may study the 

smallest details with the lens. The new slab shows all the feathers in 

their place. The remigesare attached to their cubital margin of thearm 

and hand; they are covered for about half their length with a fine fili- 

form down; none of the remiges projects beyond the others; the wing is 

rounded in its outline like that of a fowl. It is possible that there was 

at the base of the neck a collar similar to that of the condor; at least it 

has been thought that indications of such a thing could be seen. The 

tibia was covered with feathers throughout its whole length. The Ar- 

cheeopteryx therefore had breeches like our falcons, with which, accord- 

acai FE ee eee eee 

*Vogt (Carl). On Archeopteryx macroura. Ann. Mag. Nat. Hist., (5,) vol. v, pp- 

185-188. (Translated from Bibliotheque Universelle. 1879, pp. 702-708. 
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ing to Professor Owen, it has the most resemblance in the leg. Each 

eaudal vertebra bore a pair of lateral rectrices; all the rest of the body, 

head, neck, and trunk, were evidently destitute of feathers and naked ; 

we should certainly otherwise have found traces of feathers upon a slab 

which has preserved even the smallest traces of a fine down. Hence 

the restorations of the animal hitherto attempted are quite erroneous.” 

According to Professor Vogt the Archwopteryx is neither a reptile 

nor a bird; although bird-like in its integument and hinder limbs, it is 
reptilian in all the rest of its organization. 

The Archeopteryx has been derived, Professor Vogt thinks, from 

“the lizard-like terrestrial reptiles, having feet with five hooked, free 
digits, showing no modification in their skeleton, but having the skin 

furnished at different points with elongated warts, downy plumes, and 

rudimentary feathers, not yet fitted for flight, but susceptible of further 
development in the course of generations.” 

THE EXTINCT PARROT OF BOURBON. 

It has been for some time recognized that the large parrots which 

existed in the islands of Mauritius and Rodriguez, when those lands 

were first visited by Europeans, represented peculiar generic types— 

that of Mauritius the genus Lophopsittacus, and the one of Rodriguez the 
genus Necropsittacus. The large parrot of the isle of Bourbon or Réunion 

has, however, been generally associated with the Coracopsis nigra of 

Madagascar. It was introduced into systematic ornithology in 1760 by 

Brisson, and a specimen (presumably described by him) is still pre- 

served in the museum of the “Jardin des Plantes,” although the bird 

has long been extinct. Mr. W. A. Forbes has re-examined the specimen 

and come to the conclusion* that the species was not a natural associate 

of Coracopsis, but the type of a peculiar genus for which he revives Les- 

son’s name Mascarinus, and gives to it the new name Mascarinus Du- 

boisi. (It may be recalled here that G. R. Gray restricted the name 

Coracopsis as asubgeneric term to the Bourbon parrot and revived the 

name Vaza (of Lesson) for the C. nigra.) It is, he thinks, “allied rather 

to such paleornithine genera as Palwornis and Tanygnathus, than to 

Psittacus, Coracopsis, or allied forms.” The extreme specialization of - 

the several types of parrots thus restricted to the islands indicated is one 

of the most interesting facts in ornithology, and points to a long isola- 

tion of the areas to which they were respectively confined. 

MAMMALS. 

FEATURES OF PROGRESS. 

The usual number of contributions have been made to the anatomy 

of different groups and species of mammals, and to faunal lists and 

works. Giebel’s Treatise on Mammals, contributed to Bronn’s “ Klas- 

“Forbes (W. A.). On the systematic position and scientific name of ‘Le Perroquet 
mascarin” of Brisson. The Ibis, (3,) vol. iii, pp. 303-307. 
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sen und Ordnungen des Thierreichs,” has been continued and a 

number of parts issued during the past two years. Trouessart’s cata- 

logue of all the living and extinct species has also been continued in the 

“ Revue et Magasin de Zoologie.” The most important of the many 

memoirs on special groups is Allen’s on the Pinnipeds of North America, 

which contains besides a revision of those of other parts. The teeth 

have been examined partly as to their mechanical and partly as to their 

taxonomic relations, by Hensel and Ryder. 

The placentz of Edentates of the families of Dasypodidze and Bra- 

dypodidz have been examined by Milne Edwards and Joly,—the former 

by Edwards and the latter by Joly. 

O —— has made a special investigation of the muscle of the eye in 

the apes and monkeys. The foramina of the base of the skull have been 

again investigated with reference to systematic values by Cope for the 

Hluroid Carnivores and by Wingie for the Insectivores. 

THE PROGENITORS OF MAMMALS. 

The parents of mammals have been chiefly sought for in recent times 

among the early reptiles, and it has been supposed that they were 

descended from forms closely related to the Dinosaurians of the Jurassic 

and Oretaceous epochs. In a recent memoir on the characteristics of 

the pelvis in the mammals, Professor Huxley has challenged this view,* 

and has expressed his belief that “it appears to be useless to attempt 

to seek among any known Sauropsida for the kind of pelvis which 

analogy leads us to expect among those vertebrated animals which 

immediately precede the lowest known Mammalia; for, if we prolong 

the series of observed modifications of the pelvis in this group back- 

wards, the ‘Promammalia’ antecedent to the Monotremes may be 

expected to have the iliac and obturator axes perpendicular to the 

sacral axis, and the iliopectineal axis parallel with it; something, in 

short, between the pelvis of the Ornithorhynchus and that of a land 
tortoise; and provided, like the former, with large epipubes intermediate 
in character between those of the lower mammals and those of croco- 

diles.” As this condition is not fulfilled in the Reptiles, Professor 
Huxley thinks that the original mammals have descended from an 

entirely different stock. He asserts that in such a pelvis as the sala- 

mander, for example, ‘“‘ we have an adequate representation of the type 

from which all the different modifications which we find in the higher 

vertebrata may have taken their origin.” He therefore deduces the 

conclusion that mammals have been derived from the Amphibians 

through “some unknown ‘promammalian’ group, and not from any 

known forms of Sauropsida.” In corroboration of this view he adduces 

the two condyles of the occipital of the skull in which the mammals are 

* Huxley (T. H.). On the Characters of the Pelvis in the Mammalia and the Conclu- 

sions respecting the Origin of Mammals which may be based on them, Proc. Royal 

Society, vol. xxviii, pp. 395-405, pl. 8. 
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paralleled by the Amphibians; and urges that only in the Amphibians 

is the articular element of themandibular arch persistently cartilaginous, 
while the quadrate ossification is small, and ‘“‘the squamosal extends 
down over it to the osseous elements of the mandible, thus affording 
an easy transition to the mammalian condition of these parts.” Further, 

‘‘the pectoral arch in the Monotremes, it is claimed, is as much like 
that of the Amphibians as it is that of any Sauropsidan; and the carpus 

and tarsus of the mammals are directly deducible from the urodele 

amphibian type. (It is also suggested that the calear of the frogs is in 

some respects comparable with the spur of the Monotremes, though this 

is rather irrelevant.) Finally, it is said “in all Sauropsida it is a right 

aortie arch which is the main conduit of arterial blood leaving the heart, 

while in mammals it is a left aortic arch which performs this office.” 

This discrepancy is thought to be “a great stumbling-block in the way 

of the derivation of the Mammalia from any of the Sauropsida; but if 

we suppose the earliest forms of both the Mammalia and the Sauropsida 

to have had a common amphibian origin, there is no difficulty in the 

supposition that from the first it was a left aortic arch in the one series 

and the corresponding right aortic arch in the other, which became 

the predominant feeder of the arterial system.” 

In later publications* Professor Huxley has reiterated his opinions. 

The ancestors of mammals or ** Promammals” would be distinguished from 

the Sauropsida by the possession of two occipital condyles and the en- 

larged size and functional development of the left aortic arch, while 

they would ‘probably be no less differentiated from the Amphibia by 

the presence of an amnion and the absence of branchiz at any period of 

life.” He does not doubt that “when we have a fuller knowledge of the 

terrestrial vertebrata of the later Palzozoic epochs, forms belonging to 

this stage will be found among them.” A type like the one thus sup- 

posed without the amnion and corpus callosum, and provided with fune- 

tional branchiz, would find a place among the Amphibians. In the line 

of descent, from the primitive vertebrate to the mammals, neither the 
reptiles nor birds would intervene, they, according to Huxley, represent- 

ing ‘as it were side-tracks starting from certain points of that line” in- 

termediate between the amphibian and mammalian stages of evolution. 

MAMMALS OF THE AMERICAN JURASSIC. 

Previous to 1827, we had very little definite information respecting 
the former existence of mammals in the Jurassic epoch of North Amer- 

ica, although Emmons had indicated that a form of that class had left 
remains in certain beds in North Carolina. In the last several years, 

however, quite a number of species have been indicated, and based upon 

lower jaws or fragments thereof, found in various beds in the Western 

Territories. Up to the present time 13 nominal species, representing 

* Prof. Huxley on Evolution. Nature, vol. xxiii (1), pp. 203-204, Dec. 30, 1880; (2), pp. 
227-231, Jan. 6, 1881. 
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six genera, have been discovered. These have been named and indi. 
cated in the American Journal of Science, as follows: 

xv. 1878, June (459). Dryolestes priscus. 

xviii. 1879, July (61). Stylacodon gracilis. (Stylodontidz named.) 

xviii. 1879, Sept. (215). Dryolestes vorax. 
(216). Tinodon bellus) (Tinodontide named.) 

xviii. 1879, Nov. (396). Ctenacodon serratus. (Plagiaulacide (Gill 
1871) renamed.) 

). Dryolestes arcuatus. (Dryolestide named.) 

). Tinodon robustus. 

). Tinodon lepidus. 

235). Diplocynodon victor. 

) 
) 
) 

SS) Jon) o) 

xx. 1880, Sept. 
)). Stylacodon validus. 

. Tinodon ferox. 

. Triconodon bisuleus. 

. Dryolestes obtusus. 
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bo 
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In a very recent contribution to the knowledge of these types, Pro- 

fessor Marsh has proposed to differentiate certain of these forms into 

two orders, one of which he nas named Pantotheria and the other Allo- 
theria.* 

The Pantotheria are distinguished by ‘“(1) cerebral hemispheres 

smooth; (2) teeth exceeding or equaling the normal number, 44; (3) 
premolars and molars imperfectly differentiated ; (4) canine teeth with 

bifid or grooved fangs; (5) rami of lower jaw unanchylosed at symphysis; 

*(6) mylohyoid groove distinct on inside of lower jaws ; (7) angle of lower 

jaw without distinct inflection; (8) condyle of lower jaw near or below 
horizon of teeth; and (9) condyle vertical or round—not transverse.” 
To the group thus defined Professor Marsh thinks that, with the ex- 

ception of a very few aberrant forms, the known Mesozoic mammals 

may be mostly referred. 

The Allotheria are distinguished by having ‘(1) teeth much below the 

normal number; (2) canine teeth wanting; (3) premolar and molar 
teeth specialized; (4) angle of lower jaw distinctly inflected; (5) 

mylohyoid groove wanting.” The group so distinguished is proposed for 

the genus Plagiaulax, represented by a species originally described 

by Owen, and of which representatives have been likewise found in 

America, and to it are referred the new genus Ctenacodon of Marsh, 
“and possibly one or two other genera.” 

It will be out of place to traverse the conclusions of Professor Marsh, 
but those best acquainted with the mammals will agree that whatever 

-Inay be the relations of the forms above differentiated, it still remains 
to be proved that they are entitled to ordinal distinction, for certainly 
the characters adduced are not generally considered to be entitled to 

such value by the majority of modern therologists. 

*Marsh (O. C.). Notice of Jurassic Mammals representing two new Orders. Am. 

Journ. Science, (3,) vol. xx, pp. 235-239, Sept. 1880. (See, also, vol. xv, p. 459; vol. 
XViil, pp, 60, 215, 396, 1879.) 
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DASYURIDS IN NEW GUINEA. 

The mammalian fauna of New Guinea, until within the last few years 

but little known, has assumed a special interest on account of the num- 

ber of types discovered related to Australian forms. Many groups that 

were supposed to be peculiar to Australia have been found in the great 

island. Among the most unexpected discoveries were those of two dis- 
tinct generic representatives of the family of Tachyglossids or Echid- 

nids. Besides these have been found true Phalangers, Dwarf and 

Flying Phalangers, Cuscus, Kangaroos, Bandicoots, and Phascogales. 

No typical carnivorous Marsupial had, however, been found, but 

recently a species of that group has also been discovered. The species 

in question belongs to the family of Dasyurids, and has been made 

known by Professor Alphonse Milne Edwards.* Specimens were ob- 

tained in the Arfak Mountains, at the entrance of the Bay of Gelwinck, 

on the north coast of New Guinea, by the collectors of M. Bruijn, of 

Ternate. The new species has been named Dasyurus fuscus. It is 

smaller than any of those previously made known, little exceeding in 

size a large rat. Its color is a very dark brown, but yellowish beneath; 

there are small white rounded spots, regularly disposed on the upper 

part of the body, and on the flanks, shoulders, and thighs. The tail is 

long and not bushy. The short thumb is destitute of a nail. It is thus 

most closely related to the Dasyurus hallucatus of the northern extrem- 

ity of Australia. 
PLAGUE OF RATS. 

It is tolerably well known that in various countries—especially trop- 

ical ones—once every few years there is a raid of enormous numbers 

of “rats,” or rat-like rodents, on the cultivated crops of the planters. 
A plausible hypothesis has lately been promulgated correlating such 

incursions with the maturation and death of plants whose progressively 

increasing fruit, till a certain period, furnish food for the increasing 

rodents; but when the crowning crop has flourished and disappeared 

the animals are forced to disperse in search of the food denied them in 
their old homes. 

Mr. Orville A. Dewey has contributed to the Rio News a communi- 

cation reproduced in Naturet on the rat plague observed in the Bra- 

zilian province of Parana. ‘This invasion, or plague as it is called, is 

said to occur at intervals of about thirty years, and to be simultaneous 
with the dying of the taquara, or bamboo, which everywhere abounds 

in the Brazilian forests.” In explanation it is alleged that ‘the bamboo 
artives at maturity, flowers, and seeds at intervals of several years, 
which doubtless vary with the different species. The period for the 

species most abundant in Parana is thirty years. The process, instead 

*Edwards (Alphonse Milne). On a new species of Dasyurus from New Guinea. 
Ann. Mag. Nat. Hist., (5), vol. vi, pp. 171, 172. 

tDewey (Orville A.). Plague of rats in Brazil. Nature, vol. xx, p. 65. 
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of being simultaneous, occupies about five years, a few of the canes going 
to seed the first year, an increased number the second, and so on pro- 
gressively, till finally the remaining and larger portion of the canes 

seed at the same time. Each cane bears about a peck of edible seed,” 
and the amount produced is enormous. After seeding, the cane dies. 
“The rats, suddenly deprived of food, commence to emigrate, invading 

the plantations and houses, and consuming everything that does not 

happen to be repugnant to the not very fastidious palate of a famish- 

ing rodent.” 

Mr. Frederick Lewis, in a subsequent notice,* correlates similar visi- 
tations of rats in Ceylon ‘with the flowering and death of the Nilloo 

(Strobilanthes), which forms the greater part of the underwood of Cey- 
lon forests, and is said to flower and die every seven years.” 

Mr. Frederico Philippi, of Santiago, Chili,t records that in the south 
of Chili that analogous swarms of rats occur, and are also coincident 
with the crowning fructification and subsequent death of a bamboo~—a 

species called Colligue—whose period is 15 to 25 years. 

THE HABITAT OF LOPHIOMYS IMHAUSI.t 

One of the most remarkable of living mammals is the form described 

in 1867, by A. Milne Edwards, under the name Lophiomys Imhausi. Tt 

is, it has been well remarked, ‘one of the very best examples of ‘defen- 
Sive mimicry’? known in the animal kingdom.” The specimen through 

which the species was originally made known was accidentally bought 

alive by M. Imhaus, at Aden, in 1866, and thus Professor Edwards was 

enabled to obtain tolerably complete information respecting the organi- 

zation and peculiarities of the unique mammal. It has been since 

asserted, however, that the specimen in question was not an Arabian 

autochthone, but must have been brought from the opposite continent 

and probably from some place in Nubia or Abyssinia. Four specimens 

have now been obtained and are preserved in different European muse- 

ums. As indicated by Giglioli, the native country of the species is ‘now 

pretty well defined by lines drawn from Suakin to Maman and Kassala, 

and thence southward towards the Somali coast.” The species appears 

to be rare in its native country, or at least it is not often seen. This may 

be on account of its habitat, for ‘it lives in deep holes in the strangely 

fissured rocks” of the region in which it dwells. It is a vegetable feeder, 

of course, and the stomach of a specimen obtained at Erkanid, on the 
mountains between Suakin and Singat, was found to be “distended 
with leaves and young shoots.” 

PROPORTIONS AND-GESTATION OF THE INDIAN ELEPHANT. 

Some exact observations have lately been published in the period of 

* Lewis (Frederick). Plague of Rats. Nature, vol. xx, p. 267. 

+ Philippi (Frederico). A Plague of Rats. Nature, vol. xx, p. 530. 

$Giglioli (Henry H.). ‘‘Lophiomys Imhausi.” A. Milne Edwards. Zoologischer 

Anz., vol. iy, p. 45. 

S. Mis. 31 25 
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gestation and the dimensions of the Indian elephant, which are of gen- 

eral interest. 
Four of the elephants in the gardens of the Zoological Society of Lon- 

don were weighed and measured by A. D. Bartlett,* the superintend- 

ent of the society’s gardens, and the following figures give the result: 

: Circumference of 
Pognuse the front foot Weight. 

iat above the toes. 

Fi. In. Ft. In. Tons. Cwt. Qrs. Lb. 
Jung hae ane ae emer ak 7 0 3 8 2 3) eORe 23 
Suita @ullineeeseeessseereee 6 10 3 8 2 pA BY ail 
Omar sete = eet ecee sees 6 2 3 2 1 éf 1 5 
Rustoml fe ote eee eee ee eee 6 0 2 11 i BB 

The period of gestation has been recorded by two gentlemen, Colonel 

Heysham, of the Madras Commissarial Staff,t and Mr. Arthur E. Brown, 

superintendent of the gardens of the Zoological Society of Philadelphia. 

According to Colonel Heysham the period in the two cases noted was 

nineteen months, and, according to Mr. Brown, the exact period was 629 

days (from June 20, 1878, to March 10, 1880). The new-born elephant 

weighed 213 pounds, and its height at the shoulder was 344 inches and 

the circumference of the fore feet 17 inches. ‘The young was up and 

walking about very shortly after birth, has teeth in both jaws, and sucks 

with the mouth. The mamma of the mother, when distended, projects 

somewhat laterally, so that the trunk of the young one is thrown up, 

and rests, when sucking, in the angle between the shoulder and tho- 

Tax.” 
LIFE PERIODS OF THE HIPPOPOTAMUS. § 

Observations in several zoological gardens have furnished the basis 

for some essential data in the life of the hippopotamus. It takes about 

five years for growth, although it may continue to increase in stout- 

ness afterwards, and has been known to live nearly thirty years. The 

sexual vigor ef the male doubtless extends over at least twenty years, 

and perhaps somewhat more. The period of gestation in the female 

ranges ordinarily from 236 to 240 days, and in one instance birth en- 

sued 227 days after intercourse with the male. 

*Sclater (P. L.). Report on the dimensions and weights of the Indian Elephants. 

Proce. Zool. Soc., London, 1879, pp. 385-388. 

tHeysham. Extract from a letter addressed to the president, containing remarks 

upon two cases of elephants breeding in captivity. Proc. Zool. Soc., London, 1880, 

pp. 25-24. 

{ Brown (Arthur E.). Letter from, relating to the birth of an elephant in a menag- 

erie at Philadelphia. Proc. Zool. Soc., London, 1880, pp. 222-223. 

§ Owen (R.). On the Natural Form of Life and its chief periods in the Hippopota- 

tous. Ann. and Mag. Nat. Hist., (5,) vol. iv, pp. 188-190. 
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AN OLD AMERICAN BEAR.* 

In the period shortly antecedent to that characterized by the existing 

fauna, there lived in California an animal of the bear family equaling 

in size the grizzly of our own days. The dental series was distinguished 

by the absence of distemas, or intervals between the canine and con- 
tiguous teeth, and therefore the species was generically differentiated 

from any living form. The Californian species seems, however, to have 
been related to a European ursid, which possessed the same character, 
and which has been made known as a peculiar generic type under the 

name Arctotherium. The bear of California has, therefore, been gener- 

ically identified with this and described as Arctotherium simum. The 

remains described by Professor Cope were found in a cavern in the ear- 

boniferous limestone of Shasta County, California, beneath several 

inches of cave earth and stalagmite. 

EXTINCT CAT-LIKE ANIMALS OF AMERICA. 

Professor Cope has recentlyt subjected to renewed examination the 

Felids and certain forms that had been supposed to belong to that fain- 

ily, and has found that the characteristics found in all the existing spe- 

cies are wanting in some extinct types that are otherwise closely related. 

Such are the genera Archelurus, Nimravus, Dinictis, Pogonodon, and 

Hoplophoneus of the American Lower Miocene, and probably also the 

Proelurus, Alurogale, and HLusmilus of the European Eocene and Mio- 

cene. These genera, so far as they have been critically examined, con- 

trast with living Felids in that there is (1) a distinct carotid foramen; (2) 

the condylar foramen does not enter the foramen lacerum posterius; (3) 

postglenoid and (4) postparietal foramina exist; and (5) an alisphenoid 

canal is developed. These characters, in the opinion of Professor Cope, 
are of family value, and consequently the genera so distinguished are 

segregated under the name Nimravids. In most other characters, as 

well as in dentition, they agree with the Felids. The several types, it 

is said, ‘ form an unusually simple series, representing stages in the fol- 

lowing modifications of parts: (1) in the reduced number of molar teeth; 

(2) in the enlarged size of the superior canine teeth; (5) in the dimin- 

ished size of the inferior canine teeth; (4) in the conic form of the 

crowns of the incisors; (5) in the addition of a cutting lobe to the ante- 
rior base of the superior sectorial tooth; (6) in the obliteration of the 

inner tubercle of the lower sectorial and (7) in the extinction of the heel 
of the same; (8) in the development of an inferior flange and latero-an- 
terior angle of the front of the ramus of the lower jaw ; (9) in the devel- 
opment of cutting lobes on the posterior borders of the large premolar 

*Cope (E.D.). The Cave Bear of California. Am. Nat., vol. xiii. Dec., 1879. Sill, 

Jour., vol. xix, p. 155. 

tCope (EK. D.). On the Extinct Cats of America. Am. Nat., vol. xiv, pp. 833-858, 
Dec., 1880. 
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teeth.” Twenty-one species of the new family are recognized, 12 of 

which are confined to the American Lower Miocene and 1 to the Ameri- 

can Upper Miocene. Of the other species in Europe 3 occur in the 

Upper Eocene, 2 in the Lower Miocene, 1 in the Upper Miocene, and in 

India 1 in the later Miocene or Pliocene. 

THE REPRESENTATIVE STRATA OF EUROPE AND NORTH AMERICA AS 

DETERMINED FROM VERTEBRATE DATA.* 

There has been only approximate parallelism of the strata of North 

America and Kurope from their Invertebrate remains, and inasmuch as 

the later deposits are better characterized by the Vertebrates than by 

the Invertebrates, a comparison with relation to the former was much 

needed, and this Professor Cope has lately undertaken. He premises 

that “if the types of life have originated independently we will find evi 

dence of it by studying American palzontology ; if their origin has 

been through gradual modification, America should furnish us with 

many intermediate faune.” To solve this question he thinks “the 

identification of the generic types of North American Vertebrata has now 

advanced to a point which renders such a comparison possible.” This 

comparison is begun with the coal measures and especially with the 

Batrachians of that period. The Carboniferous Batrachians are “not 

yet sufficiently well known to enable the most exact comparison to be 

made, but close parallels, if not identities, of genera exist. Such are 

the Oéstocephalus and Ceraterpeton, of Ohio, as compared with the 
Urocordylus and Ceraterpeton of Great Britain.” The Permian vertebrate 
fauna, as represented in Illinois and Texas, ‘ exhibits close parallels, but 

not yet generic identity in the two continents.” The Triassic fauna is 

much better known in Europe than in America, the marine Trias being 

little developed, and the vertebrate fauna of the Muschelkalk being en- 

tirely unknown in the latter country. The Keuper, however, is repre- 

sented, and a characteristic type (Belodon) existed in both continents. 

The Jurassic faunze have been thought to be but poorly represented in 

the New World. ‘“ We do not yet know any deposits in North America 

which contain the typical reptilian genera Plesiosaurus, Ichthyosaurus, 

Pliosaurus, and Dimorphodon, or the fishes of the Dapediide ;” although 

recent discoveries by Professor Marsh presage much for the future. “A 

few more characteristic fossils of the Rocky Mouutain region represent 

the Odlite—particularly the upper Odlite—while Teleosawrus and Steneo- 

saurus, and their allies, are not yet known from North American beds.” 

The Cretaceous fauna is very well developed in North America. ‘The 

ocean of the interior of the continent deepened from the beginning of 

the period until the epoch of the Niobrara, and then gradually shallowed 

until the elevations of the bottom began to divide the waters. The clos- 

ing scenes of this great epoch were enacted amid a labyrinth of lagoons 

*Cope(E. D.). The Relations of the Horizons of Extinct Vertebrata of Europe and 

North America. Bul. U. S. Geol. and Geog. Survey Ter., vol. v, pp. 33-54. 
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and lakes of brackish and fresh water, whose deposits form the bed of 
the Laramie epoch.” Of the four principal horizons of Europe, (1) the 

Urgaptian is not at all represented, so far as known, in North America ; 
(2) the Gault in its upper portion and the Cenomanian in its lower por- 

tion are to some extent represented by the Dakota, but (8) the greater 

portion of Cenomanian is equivalent to the Colorado; and (4) the Seno- 

nian is paralleled very well indeed by the Fox Hills group. 

The name Post-cretaceous is given by Cope to (1) the Laramie, which 

has a very characteristic fauna and is not represented in Europe, and 

the (2) Puerco, which is perhaps represented by the Thanetian of that 

continent. 

The Tertiary epoch is abundantly developed, and from its base upwards 

the strata contain remains of numerous mammalian types. The paral- 

lelism supposed to exist between the various beds of the North Ameri- 

can continent and Europe are exhibited in the foilowing table derived 

from Professor Cope’s article : 

WEST EUROPE. NORTH AMERICA. 

Astian. Equus beds. 

Pliocene. Pliocene. 
Plaisancian. Megalonyx beds. 

Oeningian. Oeningian. 

—E——EES Procamelus beds. 

Tartonian. Loup Fork. 

Falunian. ; 
Langhian. Ticholeptus beds. 

a ee Bette bs 
Aquitanian. Aquitanian. a Oregon beds. 

2 White River. 

Stampian. Tongrian. B White River. 

Sestian. Uinta. Uinta. 

Bartonian. Parisian. 
Bridger. Bridger. 

Bruxellian. 

Green River. 

Suessonian. Suessonian. Wasatch. 

Wasatch. 

The deductions Professor Cope has drawn from his examination of 
the various questions involved in these identifications are that (1) ** por- 

tions of all the faunz of all the primary divisions of geologic time have 

been recognized on both the European and North American continents ” ; 

(2) these are mostly represented in an inexact manner, as the Coal meas- 
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ures, the Permian, the Laramie, the Maestrichtian, the Eocene, and the 

Miocene, but (3) several of the restricted divisions seem to be exactly 
parallel, as the Turonian with the Niobrara, the Suessonian with the 
Wasatch, and the Equus beds with the Pliocene. 

In conclusion, a comparison is instituted between the results derived 

from the examination of the vertebrate remains and those obtained from 

a study of the fossil plants: (1) The beds determined by Cope from the 

vertebrate remains to be Upper Cretaceous were identified by Lesquereux 

from the plants as Lower Eocene; (2) the Lower Eocene of Cope is 

called by Lesquereux Miocene; and (3) the Middle Eocene of Cope 
answers to the Upper Miocene of Lesquereux. The discrepant results 

thus obtained are remarkable and, says Professor Cope, there are only 

two possible explanations: ‘ Either the animal life of North America has 
lagged behind that of Europe by one period during past geologié time, 

or, secondly, the vegetable life of America has been equally in advance 

of Europe during the same period. In other words, if the plant-life of 

the two continents was contemporaneous, ancient types of animals 

remained a period longer in North America than in Europe. If animal 

life was contemporaneous, plant-life had advanced by one period in 

Europe beyond that which it had attained in North America.” 

The necessity for further critical comparisons and study from a large 

point of view thus becomes obvious, but it must be added that the 
deductions formulated by Professor Lesquereux are antagonized not 

only by the vertebrate, but also by the invertebrate remains of the same 

strata. 



ANTHROPOLOGY. 

By Otis T. MASON. 

INTRODUCTION. 

The rank and importance of any science are to be measured not only 

by the intrinsic value of its subject matter, but by the amount of intel- 

lectual activity which it demands and has evoked, and the contribution 
which its pursuit has made to human progress and happiness. In claim- 

ing for anthropology the first rank among the sciences, it is only designed 

to say that it stands pre-eminent in the grandeur and complexity of its 

theme. Although calling for minds of the highest order, it is beset with 

so many difficulties, that men of the greatest genius have been rarely 

attracted to it, and the beneficence of its results are so little apparent, 

either in the augmentation of happiness or the increase of solid learn- 

ing, that even inferior minds have been driven to labor in other fields. 

As knowledge becomes more complex its devotees are obliged to be 

more widely informed, although their cultivation of each subject need 

not be so profound. The abstract mathematician finds his most arduous 

labors in the solutions of those problems which have no objective reality. 

The astronomer, dividing his time between observation and speculation, 

eliminates the profounder questions of the mathematician. The physicist 

and the chemist must acquaint themselves with other forces than iner- 

tia and gravitation, and in the study of molecular dynamics are com- 

pelled to neglect the processes of the astronomer and to accept his results. 

The retro-action of knowledge, also, is vividly shown in the assistance 

which the chemist is able to render to the astronomer in the revelations 

of the spectroscope. To the investigations of the student of matter the 

botanist adds the vital phenomena, and the zoologist the study of vol- 

untary motion. The anthropologist is bound to acquaint himself with 

all of these, since man is amenable to all the laws of nature, and, more- 

over, has ever taken their activities into consideration. His bones and 

relics are buried in the débris of those geological ages which are beset 
with the greatest difficulties ; his body is more plastic than that of any 
other animal, and the forces of nature actupon him with a greater variety 

of results. Finally he thinks, he subdues nature. There is scarcely a 
mineral, a plant, or an animal that might not, with a little strain, find 

its way into an anthropological museum, as helpful or hurtful to man. 
391 
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That there is a growing interest in this newest of the sciences is evi- 

denced by several considerations. Among these are the multiplication 

of private collections, public museums, and journals devoted entirely to 

the subject. The cursory perusal of a bibliographical list will indicate 

at once how much more minutely research is ramifying itself in the 

human subject. The multiplication and perfecting of instruments of 

precision and the record of many hundreds of observations are evidence 
in the same direction. 

Although the progress and expansion of anthropology are very ap- 

parent, it is difficult to indicate their rate in a single year, for the growth 
of knowledge, like the flight of time, is not marked by trenchant lines. 

Moreover, many of the best works published in any year do not come 

to hand immediately, and thus are omitted from every enumeration. 

Owing to this fact, the summary will have a somewhat narrower range 

than formerly. It will include all works on American anthropology so 

far as known, and such publications relative to the subject abroad as 

have been received by the Smithsonian Institution. The American 

summary embraces not only works relative to the American races, when- 

ever issued, but also the publications of American scholars in all depart- 

ments of this science. 

The order chosen in the summary is based on the convenience of spe- 

cialists, rather than upon a scientific analysis of the subject. The follow- 

ing are the headings under which the notes and the bibliography are 

collected : 

J. Anthropogeny. 

Il. Archeology. 

Ill. Biology of man. 

IV. Comparative psychology. 

V. Ethnology. 

VI. Glossology. 

VII. Comparative technology. 

VIII. Sociology. 

IX. Daimonology. 

X. Instrumentalities of research. 

I.—ANTHROPOGENY. 

No epoch making work like that of Haeckel has appeared during the 

year. The Duke of Argyle, in a series of papers entitled “* The Unity 

of Nature,” develops a scheme of law in nature which is consistent with 
Christian theism. Dr. Lazarus Geiger’s contributions to the history 

of the development of the human race have been translated into Eng- 

lish by David Asher and published by the Triibners. The paper of Dr. 

Theodore Gill upon the zoological relations of man is a résumé of the 

evolution theory as applied to the human race, in which the author 

rather states the present condition of the problem than attempts to put 

forth anything new. The same may be said of the communication of 
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Dr. Holmes on the distribution of the race, in the transactions of the 
Academy of Science of Saint Louis. Prof. Gabriel de Mortillet, in his 
Précurseurs de Vhomme, inclines to the opinion that a rude, stone imple- 

ment-using race of apes may have preceded man, and, therefore, that the 

flaked flints from the Tertiary could have been in use by these precursors 

of man. The pedigree of man is also discussed in the publications of 

Letourneau, Nadaillae, Parker, Perier, Radcliffe, Ramon, Vaughn, and 
Ward. The most important work that has appeared upon the subject 

in our country is Professor Winchell’s “ Preadamites’” The title of the 

volume is rather ill-chosen, for the reason that it is both misleading 

and too narrow. In addition to defending the view that the biblical 

record relates mainly to the semitic peoples, and that the man of archzo- 

logy is almost outside of its purview, Dr. Winchell has gone over the 

ground of ethnic distribution with great care, and presents a very clear 

statement of the present condition of the inquiry. 

II.—ARCH_Z OLOGY. 

Great activity has characterized the archeologists during the year. 

In the United States the subject is fostered in many ways. The Smith- 

sonian Institution and the National Museum, co-operating, have their col- 

leetors and correspondents in every State and Territory where aboriginal 

relics and remains exist. The Bureau of Ethnology, lately organized 

under Maj. J. W. Powell, has rendered very efficient aid among the Pue- 

blos. Institutions in the States are hardly less energetic in the work. 

In Massachusetts, the Archeological Institute of Boston, the Peabody 

Museum of Cambridge, and the American Antiquarian Society have all 

put on record labors of permanent value, as will be seen in the appended 

list of works. The American Museum in New York is now the repository 

of Mr. Terry’s collection of American antiquities, besides several others 

illustrating savages in various parts of the world. The Philosophical 

Society of Philadelphia and the Academy of Natural Sciences publish 

occasional papers. In Ohio the Western Reserve Society at Cleveland, 

the Cincinnati Society, and the Madisonville Society are actively engaged 

in explorations. The last-named body have published in pamphlet form 

a detailed account of one of the most therough investigations ever made 

in American archeology. The State geologist of Indiana includes in 

all his reports an account of mound explorations made during the year. 

The same is true of the Wisconsin and the Minnesota Historical Society. 

The Davenport Academy in Iowa and the Saint Louis Academy in 

Missouri are among the most active of our State societies. 

The activity in the study of archeology does not end here. The rage 

for antiquities among rich gentlemen, both east and west, has put a high 

value upon aboriginal relics, and there are many archeological treasures 

in these private museums. It is a cause of regret, however, that this 

cupidity for relics has started up the race of Flint Jacks to flood the 

country with worthless counterfeits. 
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Archeology is further patronized and fostered by several periodicals, 
as the American Antiquarian, the American Naturalist, the Kansas City 

Review, the Magazine of American History, the American Art Review. It 

would be impossible to speak of all the separate productions in this field 

of research; a few only will be mentioned that are likely to influence 
public opinion to a large extent. 

M. Florentino Ameghino has been very fortunate in discovering what 

he regards the vestiges of prehistoric manin the Pampas of Buenos Ayres, 

an account of which he publishes in the first number of the Revue 

@ Anthropologiefor 1880. It is a cause of congratulation that three gentle- 

men in the City of Mexico, Senores Chavero, Orozco y Berra, and Icazbal- 

ceta have taken up the study of their own antiquities on the spot, in an 

intelligent manner, and are publishing the results to the world in the 

Anales del Museo Nacional de Mexico. 

The extremes of archeological interpretation are represented by two 

expeditions sent out to Central America. The Lorillard party, under 

M. Désiré Charnay, is the first in the field, and an account of their results 

will be found in the North American Review for Sept._Dec. This mission 

embodies the Prescott school of archeologists who hold that the Aztec 

and the Maya were something quite above our modern savages. The 

Archeological Institute stands for the opposite view, as set forth in the 

writings of Mr. Lewis H. Morgan and of Mr. Bandelier, the agent of the 

Institute. Both parties are in severe earnest, and naught but good can 

come from hearing both sides. 

In England the debate still goes on as to the geological significance 

of certain flint implements discovered in the caves and brick earths. 

Are they post-glacial, intra-glacial, inter-glacial, or ante-glacial? The 

account of the discussions upon the subject will be found in the files of 

Nature. The appearance of Mr. Dawkins’s “ Early Man in Britain” is the 

immediate cause of the controversy. 

Not less interesting and important is the volume of Principal Daw- 

son on “ Fossil Men and their Modern Representatives.” The purport of 

the book is to connect aboriginal life as it has been enacted before the 

author’s eyes in Canada with the revelations of archeology. From these 

data, Dr. Dawson seeks to reconstruct ancient society in Europe. 

The papers of Mr. William McAdams are of especial interest as show- 

ing what excellent work a farmer can do who is willing at idle times to 

take his teams and men and to make careful explorations. Mention 

should also be made of the labors of the Rey. 8. D. Peet, who has man- 

aged the American Antiquarian under great difficulties and without 
salary, until it has now reached the third volume. The work upon the 
mound pottery of Missouri, prepared by Messrs. Potter and Ebers, and 

published by the Academy of Natural Sciences of Saint Louis, is a splendid 

work in every respect—text, illustrations, and maps. The explorations 

described were made in the southeastern corner of the State, at New 

Madrid, a locality singularly rich in mound relics. Prof. John T. Short, 



ANTHROPOLOGY. 395 

of Columbus, Ohio, has published during the year a volume entitled ‘The 

North Americans of Antiquity,” in which he has brought together at great 

pains the results of explorations up to our day. It would not be too 

much to say that it is now the best manual of American archeology. 

In the Smithsonian Annual Report for 1879, published in 1880, there 

are many papers upon archeology. The one most worthy of careful 

perusal upon this subject is that by Mr. Walker upon the shell heaps 

of Tampa Bay, Florida. The author reviews adversely Professor 

Wyman’s theories of ancient cannibalism, and presents other methods 

of accounting for the phenomena. 

Wiener’s “ Perou et Bolivie” is a gorgeous work, whose material was 

collected at the expense of the French Government by Mr. Wiener, who 

spent two years exploring the graves and ancient monuments of the land 

of the Incas. 
IlIl.—BI0LOGY OF MAN. 

The title of this section is somewhat elastic; indeed the Heole d’An- 
thropologie of Paris divides its contents between two professors: M. 

Mathias Duval, who, under the subject of anatomical anthropology, 

delivered a course of lectures upon anthropogeny or comparative embry- 

ogeny of the vertebrates during the last winter, and Dr. Paul Topin- 

ard, who, from the chair of biology, lectured upon anthropology in respect 

of the living ; inasmuch, however, as the same individuals are engaged 

frequently in the study of man, structurally and functionally, and the 

latest text-books take strong ground that the two methods of research 

must be prosecuted simultaneously, it is found convenient to include 

within the same theme all those investigations which regard man from 

the side of zoology. The Biological Society of Washington has taken 

the same ground, in embracing within its membership osteologists and 

conchologists, as well as embryologists and physiologists. 

’ A noteworthy fact in this portion of anthropology is the slow but sure 

encroachments which methods and instruments of precision are making 

upon the different parts of the human body. In 1786 was published, in 

Paris, Pierre Camper’s “ Dissertation sur les différences réelles qui pré- 

sentent les traites du visage chez les hommes de différents pays et de diffé- 
rents dges.” The facial angle has received more careful scrutiny at 

the hands of Geoffroy St. Hilaire, Cuvier, Cloquet, Jacquart, Broca, 
and many other distinguished anatomists. The cubage of the cranium, 

the situation and direction of the foramen magnum, the occipital, basal, 
and nasal angles, and the cranial indices have assumed an importance 

even greater than the facial angle. The scapular index, thoracic index, 

pelvis, femur, tibia, and even the digits, are not without their value in 
the problem. 

The great difficulty of collecting the skeletons of any race in sufficient 

numbers and well authenticated, has driven the anatomists to devise 
methods of obtaining measurements upon the living. The British Asso- 



396 ANTHROPOLOGY. 

ciation has done very much towards establishing standards of compari- 

son in this regard. Nor are the French very far behind in the work. 

The brain, no less than the cranium, continues to be the subject 
of absorbing interest. The comparative anatomy of the encephalon 

holds out the hope that here lies the path to the solution of the problem 

of man’s ancestry and origin. On the other side, among these mean- 

dering labyrinths, are sought the secrets of the connection between 

material and spiritual existence. In the bibliography appended to this 

summary, Studies on the brain are accredited to Amat, Bordier, Ducatte, 
Duval, Fowler, Spitzka. 

The work of examining the skeletons or the living bodies of men, 

however, has a decided rival in the science of embryology. The grand 

generalizations of Haeckel, in his “ Evolution of Man,” however faulty in 

detail, as all such comprehensive speculations must necessarily be, have 

kindled a vast amount of interest in human ontogeny. The researches 

of M. Mathias Duval, successor to the renowned Broca, upon the origin 
of the cranial nerves, will be found reported in the Journal de l Anato- 
mie et de la Physiologie, mai-juin and septembre-octobre, of the past 

year. 

TV.—COMPARATIVE PSYCHOLOGY. 

The question of the place of inductive psychology in the general 

scheme of anthropology is as yet unsettled. Taking biology in its 

widest sense, as including life in all its manifestations, there could be 

no objections from any quarter to including the comparative psychology 

of man and the lower animals within the purview of this comprehensive 

subject. The reason for creating a class distinction in its favor is that 

there is a separate group of men at work in this area. The problems 

and methods belong to several subclasses. For instance, assuming the 

difference between the mind of man and that of the lower animals to be 

one of degree rather than one of kind, or, rather, to consist in a more 

complicated and subtle organization of the same elementary principles, 

and not in the difference of its constituents, it is held that the careful 

serutiny of the manifestation of reason, feeling, and volition all along 

the line of the zoological scale will lead up to a correct apprehension 

of mental and spiritual phenomena in man. Again, the question arises 

whether the intricate system of powers, emotions, and desires are not 

derived by inheritance and modification from simpler faculties. A very 

interesting series of observations have been set on foot by Francis Gal- 

ton as to the connection of memory and imagination with time and 

space. <A fourth set of inquiries relate to the order and method by 

which mentality is manifested in childhood and youth. Finally, this 

portion of anthropology has its bitter controversial side. Between the 

atheistical materialists, the agnostic materialists, and the theistic dual- 
ists there still exists that personal prejudice which blinds the eyes of 

the observer and confounds right thinking. 
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V.—ETHNOLOGY. 

The term ethnology is retained for all those descriptive and philosophic 

publications which relate to the groups of men called tribes, races, peo- 

ples, the individuals of which recognize in one another a common bond 

of union and an entire absence of prejudice. Ethnography is a narrower 

word, applying only to monographs of different peoples. 

The descriptive portion of ethnology is certainly the most important 

part of anthropology. When we reflect that a very large part of the 

immense collections of “* materiaux pour Vhistoire primitive et naturelle 

de Vhomme” contained in such works as Spencer’s Descriptive Sociology 

are falsehoods or mistakes, we tremble for the deductions that are to be 

erected upon such a crumbling base. This is not meant to disparage the 

great work of such men, but to enjoin the utmost caution upon future 

observers. It has frequently occurred to the present writer that we 

should have an account of the ‘‘ personal equation” of each narrator 

before admitting his facts into the general fund of anthropologic truth. , 

It is very difficult to single out special works in ethnology, since there 

is scarcely a portion of the habitable globe that has not been visited 

during the past year. No labor undertaken, however, will compare with 

the elaborate investigations which have been prosecuted among the 

Indians of the United States, under the patronage of General Walker, 

of the Census Department. The task of making the inquiries and 

working up the material has been intrusted to Maj. J. W. Powell, of 

the Bureau of Ethnology, and it is safe to say that there is not a little 

band of Indians in our territory that has not been approached by an 

intelligent ethnologist. The war in Afghanistan, in Zululand, and the 

encroachments of the Russians upon the southern portions of their domin- 

ions have all been fruitful of valuable ethnologic results. Among the 

enlightened nations of Europe there is the greatest activity in searching 

out the racial affinities of the present populations. Works of perma- 

nent interest have also appeared upon China, Japan, and the races of 

Oceanica. 
A very valuable paper upon French and Indian half-breeds, from the 

pen of Dr. Havard, will be found in the Smithsonian Report for 1879. 

VI.—GLOSSOLOGY. 

The mere acquisition of a language, or even the accurate study of 

its phonology, its etymology, and its syntax, is not a part of anthro- 

pology. Linguistic anthropology has reference, first to the origin and 

life history of language as a whole, and, second, to the comparative 
study of the languages of the globe as a means of grouping its peoples. 

From the point of view taken by the student of the natural history of 

man, all tongues are alike useful, all are part and parcel of a complex 

organism or links in the glottic chain. Inasmuch as the languages of 
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savage and barbarous races are never acquired either for the purposes 

of traffic, or as a part of polite learning, it follows that all vocabularies, 

syllabaries, or collections of sentences gathered among such people are 
materials of anthropology. 

Among our North American Indians there is at present great diligence 

in collecting linguistic material. The missionaries who have labored 

with the greatest success among them have been those who have dis- 

covered that the compliment paid to a tribe in the acquisition of their 

language returns with interest to the teacher in the form of increased 

confidence and attention. Almost the entire Scriptures have been 

translated into the speech of the civilized tribes. The labors of Riggs, 

Dorsey, Vetromilye, bear witness to this fact, and furnish the philologist 

with some of his best material. 

The work of collecting Indian vocabularies, grammars, and diction- 

aries set on foot by the Smithsonian Institution is continued with great 

zeal by the Bureau of Ethnology. Mr. James C. Pilling is preparing a 

complete bibliography of North American Indian linguisties, which will 

enable the student to investigate each tribe in the whole body of its 

literature. Mr. Albert 8S. Gatschet continues his labors in the languages 

of the California tribes, and will produce the coming year two large 

volumes upon the Klamath. 

A glance at the bibliography accompanying this paper will show that 

the same activity has characterized those who have investigated the 

languages of other parts of the world. Especial attention might be 

called to the researches of Hovelacque, Keane, Oppert, Powell, Sayce, 
and Whitney. 

The work, however, that has attracted most attention in this direction 
is that of Col. Garrick Mallery upon the sign language or gesture speech 

of mankind. The author has not yet completed his researches, and there- 

fore his work cannot be fully appreciated. The following tentative pub- 

lications will show the compass of the undertaking. The first attempt 

to present the subject publicly was at the Saratoga meeting of the 

American Association, in 1879, an account of which will be found in the 
volume of proceedings published in the following year. 

A paper with the same title, not identical with the above, but contain- 

ing the greater part of it, and specially designed for circulation among 

officers of the Army and Navy appeared in the United Service, vol. ii, 

No. 2, Philadelphia, February, 1880, pp. 226-243. 

In the American Antiquarian, vol. ii, No. 3, pp. 210-228, the author 

continues his studies under the title, ‘The Sign Language of the Indians 

of the Upper Missouri in 1832.” This was a translation and discussion 

of the gesture signs reported by Prince Maximilian von Wied Neuwied 

as in use among the Aricaras, &ce., in 1832~34. 
The most thorough work of Colonel Mallery is the “Introduction to 

the Study of Sign Language among the North American Indians as 

illustrating the gesture speech of mankind.” The chief object uf the 
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work is to explain the principles of the sign language in such manner as 

to properly direct research, and to furnish for observers forms of descrip- 

tion and graphie illustration, so as to secure accuracy and uniformity in 

collecting material for a larger work. Reviews of this volume will be 

found in The American Journal of Philology, i, No.2; American Naturalist, 
May; Penn Monthly, October; Academy, May 22; Nature, June 3; 

Theosophist, Bombay, August; China Daily News, Shanghai, May 1%, 

1880; Behm’s Geographische Jahrbuch; Globus, 87, No. 17; The Pioneer, 

Allahabad, January 15, 1881; Swansea meeting of the British Associa- 

tion, report, pp. 650, 635. 

A subsequent work, printed for collaborators only, issued in Wash- 

jngton, is entitled “A Collection of Gesture Signs and Signals of the 

North American Indians, with some comparisons.” 

VII.—CoMPARATIVE TECHNOLOGY. 

It is difficult to find a term accurately definitive of what is intended 

to be ineluded in this class. Perhaps Mr. Spencer’s *‘ operative” cate- 

gory comes nearest. At any rate the term technical anthropology 

embraces the description of the materials, implements, processes, 

methods, agents and agencies, observances and results which enter 

into the activities of man, in peace and in war, at every step of his 

social progress. These activities are of many kids, as diversified, 

indeed, as human needs and desires multiplied by the varieties of 

material and environment. 

The discussion of this portion of anthropology is quite apart from 

the consideration of race. Stone, shell, wood, textile, skins, clay, and 

metal work have each passed through an elaboration which has kept 

pace with the evolution of culture. The works upon this subject during 

1880 have included meteoric iron in its relation to technique and the 

history of civilization, aboriginal use of copper, the origin of metallurgy, 

composition of ancient pottery, savage and civilized warfare, agricult- 

ural fertilizers used by the Indians, jade workers, ancient commerce, 

and the origin of the plow and the wheel-carriage. 

Two works by our own countrymen deserve especial mention in this 

connection. The Smithsonian Institution has published as a brochure 

an article by Dr. Edward H. Knight upon the savage weapons at the 

Centennial Exhibition, taken from the report of 1879. The work is 

profusely illustrated, and is very suggestive of many of the ‘missing 

links” in the growth of the implements of militancy. The other work 

referred to is by the Hon. Lewis H. Morgan, entitled ““A Study of the 

Houses of the American Aborigines, with suggestions for an exploration 
of the ruins of New Mexico, Arizona, the valley of the San Juan, and 
in Yucatan and Central America, under the auspices of the Archeolog- 
ical Institute of America.” Mr. Morgan’s belief with reference to all 

the remains of our country whether fossal, aggeral, or mural, are well 

known. The gentile system being given, the house, be it teepee, bark 
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lodge, long-house, pueblo, or stone palace, is the natural outcome of the 

organization. The student of comparative technology cannot afford to 

omit this publication. 

VIIL—SocroLoey. 

Anthropology is not concerned with individuals. It does not inquire 

how he or they acted or thought; that is biography or history. It is 

ever asking how they were accustomed to act. It does not seek to know 

quid fecerit or quid fecerint, but que solebant facere. When men are 

accustomed to do a certain thing, they act in groups, at specified places, 

and during certain seasons. Social anthropology inquires into the regu- 
lative forces of society. The propagation of the species and self-protec- 

tion lie at the foundation of the family, the guild, and the state, repre- 

senting children, craft, and power. Beneath each of these lies an unique 
principle, commonly overlooked by writers on sociology. A combination 

of families does not constitute a guild or a state. The family, as such, 

will never become more complex than the ends of procreation, nursing, 

and rearing of children demand. A combination of guilds does not 

constitute a government. The same men, women, and children who 

may be classified as families will be found arranged in guilds upon entirely 

different rules. The same is true of the government, both militant and 
industrial. 

The student of sociology, therefore, may set before himself a great 
variety of problems. The discussion of the family, including those ques- 

tions of natural forces which affect the increase or diminution, occupies 

a prominent place in sociology. The progress from promiscuity through 

the marriage of consanguines, then upward to the various forms of poly- 

andry and polygyny to monogamy, though not yet worked out, has re- 

ceived important additions in the works of Lorimer Fison, and Dr. J. 
Bertillon. 

The question of industrial codperations has as yet received little atten- 

tion. Mr. Herbert Spencer gives a large place in his descriptive soci- 

ology to the regulation of industrialism. A very entertaining and import- 

ant chapter in human history will be the narrative of the source and 

vicissitudes of human industrial classes. 

On the other hand, the history of militancy has been over-written. 

In the early part of its career our race was at war with nature as well 

as with itself. Man went forth to slay the beasts of the field, the fowls 

of the air, and the fish of the sea for food and clothing. All his tools 

were weapons, all his methods were warlike, and the same social organi- 

zation served both for the slaying of enemies and the pursuit of life’s 

necessities. In the upper grades of culture, however, this is different, 

when the change of function demands a corresponding change of social 

structure. 

The study of sociology is so intimately connected with human happi- 

ness that there is no lack of interest or improvement in this department 

of anthropology. Of special importance are the publications of Ban- 
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delier, on the social organization and mode of government of the ancient 

Mexicans; Bertillon, on human statistics in France; Flower, on fashion 

in deformity; Gore, on the development of deliberative government ; 

Powell, on the Wyandotte Government; Royce, on the method and 

chronology of the extinction of the Indian title: and Yarrow, on mortu- 

ary customs. 

IX.—DAIMONOLOGY. 

The word “religion” has had such a variety of meanings that some 

anthropologists never employ it. The term ‘‘religious” applies almost 

universally to persons, so the phrase ‘religious anthropology” would 

not convey the meaning intended. At the risk of introducing a neolo- 

gisin, the term ‘“daimonology” (from datuwy,—a god, soul, or destiny,) is 

employed to include all observations and discussions concerning the 

belief in spiritual beings, the conduct of men in view of their belief, the 

paraphernalia by means of which these beings are approached and ap- 

peased, and the body of dogmas and stories which have grown up around 

the various phases of a faith. 

Two facts are noticeable in view of the vast amount of earnest study 

which has been bestowed upon this subject. First, itis now well known 

that there are bodies of myths among every people as full of pathos and 

sublimity as those of Greece and Rome. Major Powell is doing excel- 

lent work in the way of collecting these stories among our own Indians. 

The Folk-lore Society of Great Britain, as well as similar associations 

in France and Germany, were organized for the purpose of publishing 

in permanent form the supernatural stories of uncultured peoples. 

In the bibliographical appendix will be found allusions to ‘ Norse 

mythology,” flower fairies, wolf-reared children, the religions of India, 

Polynesia, Ancient Assyria, and Mexico, the cult of the dead, lore of the 

heavenly bodies, and of animals, creation myths, sacred books, and the 

origin of religion. Major Powell’s vice-presidential address before the 

section of biology, at the Boston meeting of the American Association, 

was a discussion of mythologic philosophy, in which the desire to phi- 

losophize concerning the causes of natural phenomena was considered to 

be the fundamental principle of all religions. 

X.—INSTRUMENTALITIES. 

Each science has not only its field of operation where it gathers its 

materials, but its storehouses where they are garnered and its media of 

products before the world. Anthropology also has its implements of 

research, its museums, and its journals. 

The instruments of precision are mostly confined to the department 

of biology. The methods of collecting and recording facts for future 

reference are of immense importance in prosecuting any study. The 

Smithsonian Institution and the Bureauof Ethnology use card catalogues 

in their werk, so that information is always accessible. It is no dispar- 
agement to say, however, that in the system pursued at the Surgeon- 

SoeMiSsat 26 
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General’s Office in collating the Index Medicus and the great catalogue 
of the library, the plan of carding knowledge has well nigh attained per- 

fection. 

The subject of anthropology is discussed, first of all, in societies de- 
voted entirely to this science, or one of its branches. The principal 

ones are the Anthropological Institute of Great Britain and Ireland; 
the Société @ Anthropologie de Paris; and the Anthropologische Gesell- 

schaft of Germany. Societies also exist and publish journals in Berlin, 

Vienna, Florence, Madrid, and Washington. Secondly, international 
congresses are held in various cities of Europe. Pre-eminent among 

these are the International Congresses of Anthropology, Ethnology, and 

Prehistoric Archeology, Congrés des Américanistes, and the Con- 

gres International des Sciences Anthropologiques. Thirdly, the great 

national scientific gatherings, answering to our own American Associa- 

tion, have each a subsection of anthropology, and very many valuable 

papers appear in their transactions. Fourthly, papers of permanent 

value in the study of man are read in the great number of local societies 

in our larger cities and abroad. Fifthly, in addition to the journals, bulle- 
tins, transactions, proceedings, and contributions of all these associa- 

tious, the popular science periodicals, as well as the best literary month- 

lies and quarterlies, give place each month to at least one article upon 

anthropology. 

To go over all this material requires a vast expenditure of time, more 

than one individual can command. Already, therefore, the science be- 

gins to have its specialists, who have given up the hope of occupying 

the entire field and have contented themselves with a circumscribed 

area. 

The following bibliographical list does not claim to be exhaustive. It 

represents pretty accurately what Americans are doing and what is being 

done for America. The voluminous publications of the Archiv fiir 

Anthropologie, although appearing rather late, are indispensable to one 

who would prepare an exhaustive bibliography of our theme. The 

abbreviations used throughout this paper are those which have been 

adopted at the Surgeon-General’s Office, in the preparation of the great 

medical catalogue. 
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BIBLIOGRAPHY OF ANTHROPOLOGY. 

I.—ANTHROPOGENY. 

ARGYLL, The Duke of—The unity of nature, &c. Science, i, pp. 243 

33; 99; 181; 228; 267; 280. 

Du GANNE, ie J. H.—Civilization vs. Nature. Potter’s Am. Month., July. 
GEIGER, LAZARUS—Contributions to the history of the development of 

the human race. Lectures and dissertations. Translated from the 
second German edition by David Asher. London, Triibner & Co., 
1880. 

GILL, THEODORE (Washington, D. C.)—On the zoological relations of 
man. Tr. Anthrop. Soc. Washington, i, p. 15. 

HoimuEs, NATHANIEL (Saint Louis, Mo.)—Geological and geographical 

distribution of the human race. Tr. Acad. Sc. St. Louis, iv, p 1. 
LANKESTER, EK. RAy—Degeneration. A chapter in Darwinism. Na- 

ture Series. Macmillan & Co., 1880. (Reviewed in Nature, June 17.) 

L®mTOURNEAU, CH.—Le regne des protistes et la psychologie cellulaire. 

Rev. Vanthrop., 1880, pp. 282-285. 

MORTILLET, GABR ues précurseurs de homme et les singes 
fossiles. tev. scient., Paris, mai, 1880. 

NADAILLAC, M. DE—L/origine de ie vie. Paris, 1880: pp. 32: 8°. 
(Eixtr. du Correspondant.) 

PARKER, Dr. A. J.—On the brain of a chimpanzee. Med. Rec., N. Y., 
Jan. 

PERIER, Dr.—Sur la transformisme. Rev. @anthrop., 1880, pp. 213-229. 

tAMON DE TORRES, MARTINEZ J.—Contribucion 4 la antropologia. 

j Forma el hombre un reino aparte dentro del 6rden de la creacion ? 

Encicl. méd.-farm., Barcelona, 1879, iii. 

tATCLIFFE, Dr.—On the pedigree of man. Contemp. Rev., Feb. 

_ VauGHn, Mer.—L’homme: son origine, sa destiné. Ann. d. philos. chré- 
tienne, Jan. 

Ward, L. F. (Washington, D. C.)—Pre-social man. Tr. Anthrop. Soe. 
Washington, 1, p. 68. 

WINCHELL, ALEXANDER (Ann Arbor, Mich.)—Preadamites; or a dem- 

onstration of the existence of men before Adam; together with 
a study of their condition, antiquity, racial affinities, and progress- 

ive dispersion over the earth. Chicago, 8. C. Griggs & Co., 1880. 

1 vol. 500 pp., with charts and other illustrations. 8°. 

[Although this work bears a controversial title, it is a most excel- 
lent summary of ethnology.| 

. II.— ARCH HOLOGY. 

ABBOTT, C. C. (Cambridge, Mass.)—Flint chips. Rep. Peabody Museum, 
li, pp. 506-520. 
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ABORIGINAL remains in the valley of the Shenandoah River. Science, i, 
p. 262. 

ApaAms, W. H. (Elmore, Il.)—Mounds in Spoon River Valley, Il.” Smith- 
son. Rep., 1879, p. 368. 

— Vanished races in Spoon River Valley, Ill. Elmwood Gaz., 

Sept. 5, 1880. 
ADLER, CuRTIuS F., & G. TrEu—Die Ausgrabungen zu Olympia. 

IV. Uebersicht der Arbeiten und Fundée vom Winter und Friih- 

jahr 1878-79. 39 Tafeln. Berlin, Ernst Wasmuth. (The Atheneum, 
Sept. 4, 1880. Reviewed by Julius Schubring.) 

ALIBERT, Dr. L.—Les vestiges de l'industrie paléolitique aux environs 

de Montauban. pp. 26, trois planches. 8°. (Extr. du Rec. Soe. d. se.) 

AMEGHINO, FLORENTINO—Armes et instruments de Vhomme préhis- 
torique des Pampas. ev. @anthrop., 1880, pp. 1-12. 

AMERICAN Antiquarian Society (Worcester Mass.)—Proceedings, No. 75. 
April, 1880, p. 59. “The Landa alphabet,” by Philipp J. J. Valen- 

tini, Ph. D. 

Proceedings, No. 76. Oct., 1880. ‘Mexican Paper,” by Philipp 

J. J. Valentini, Ph.D. p. 82. “Notes on the bibliography of 

Yueatan and Central America,” by Ad. F. Bandelier. 

ANALES de Cuaubtitlan. pp.1-32. Appendix to An. d. Museo nacional 

de México. 

ANCELON—Sur les habitations lacustres connues sous le nom de bri- 

quetages dela Seille. Paris, 1880. 8°. (From Bull. Soc. @anthrop.) 

ANDERSON, WILLIAM GILBERT (Quincy, Ill.)—Mounds near Quiney, 

Ill. Smithson. Rep., 1879, p. 341. 

ANDREWS, FRANK. D. (Vineland, N. J.)—Indian relies from Schoharie, 
N.Y. Smithson. Rep., 1879, p. 391. ° 

ANGER—Das gemischte Griiberfeld auf dem Neustidter Felde bei El- 

bing. Ztschr. f. Ethnol., Berlin, 1880, pp. 106-125, 2 pl. 

ARMSTRONG, THOMAS (Ripon, Wis.)—Mounds in Winnebago County, 

Wisconsin. Smithson. Rep., 1879, p. 335. 

BABBITT, FRANCES E.—Ancient quartz workers. Am. Antiquarian, iil, 

Nom. 

Bacon, A. T.—The ruins of the Colorado Valley. Lippincott’s Mag., 

Nov. 

BARBER, EDWIN A. (Philadelphia, Penn.)—The fairy pipes of Great 

Britain. Westchester Republican, Sept. 25, 1880. 
BEAUCHAMP, W. M. (Baldwinsville, N. Y.)—Wampum belts of the Six 

Nations. Am. Antiquarian, ii, p. 228; Smithson. Rep., 1879, p. —. 

[In the files of the Onondaga Gazette, communications by the same 

author about the Onondagas and relics of the ancient inhabitants. 

In the Skaneateles Democrat, an article on the Elbridge forts. 

Manuscript descriptions of Onondaga remains were deposited with 

the Buffalo Historical Society, the Skaneateles Library Association, 

and the Peabody Museum, at Cambridge, Mass. | 
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BLAKE, C. J.—On the occurrence of exostoses within the external audi- 

tory canalin prehistoricman. Am. J. Otol., N. Y., 1880, ii, pp. 81-91. 

BLEICHER—Essai sur les temps préhistoriques en Alsace. Nancy, 1879. 

BoRLASE, W. C.—Indian money cowrie in a British barrow. Antiquary, 

Jan. 

Bosc, E.—Dictionnaire général de Varchéologie et des antiquités chez 

les divers peuples. Paris. 
30UILLEROT, A.—L’homme des cavernes et les animaux quaternaires 

autour de la montagne de Morey (Haute-Sadne). Deuxiéme mémoire 

Marchéologie préhistorique. Vesoul, 1880. 8°. 

BRODHEAD, G. C.—Prehistoric evidences in Missouri. Smithson. Rep., 

1879. 

BRopNAX, Benjamin H. (Plantersville, La.)—Mounds in Morehouse Par- 

ish, Louisiana. Smithson. Rep., 1879, p. 386. 

Brown, HEpwarp—The pictured cave of La Crosse Valiey. Am. Anti- 

quarian, ii, No. 4. 

Burr, R. T.—Ruins in White River Canon, Pima Qounty, Arizona. 

Smithson. Rep., 1879, p. 333. 

CARTAILHAC, EMILE—L’age de la pierre en Asie. Lyon, 1880. pp. 20, 

planehe. 98°. 

CASE, THEO. S. (Kansas City, Mo.)—An excursion to the birthplace of 

Montezuma. Itansas City Rev., Nov., 1830. 

CHANTRE, E.—Notes anthropologiques. Relations entre les sistres 

boudhiques et certains objets de Page du bronze européen. Lyon, 

1880. 8°. [Extr. Compt.-rend. Cong. d. Orientalistes, Lyon, 1878, ii. | 

CHaRNAY, Distri—The ruins of Central America. The North Ameri- 

can Review tor Sept., Oct., Nov., and Dee., 1550. 

[Record of an exploration of the ruined cities of Mexico and 

Central America, written by Désiré Charnay, chief of an expedition 

sent out last year by Mr. Pierre Lorillard, of New York, in conjunc- 

tion with the French Government. Principal fruits of the expedi- 

tion during 1880: Development of the plan of the ancient city of 

Teotihuacan ; exploration of two important places of refuge and 

burial at Amecameca, near Popocatipetl, resulting in the finding of 

a large and unique collection of pottery and other utensils, also 

some human remains; exploration of Tula, the ancient metropolis of 

the Toltecs. Mr. Charnay has demonstrated, 1, identity of architec- 

tural forms and principles between these cities and the cities of 

Yucatan, and Guatemala; 2, inferred identity of race—Toltec; 3, 

comparatively recent age of these ruins—dating from not earlier 

than the 11th century of our era.| 

CHAVERO, ALFREDO (Mexico)—La piedra del sol, segundo estudio. 

An. d. Museo nacional de México, ii, pp. 1-46, illus., pp. 107-126. 

CHEVERS—The physician’s leisure; a plea for the study of archeology. 

Med. Times & Gaz., Lond., 1880, pp. 367-371. 

CLopD, E.—The later stone age in Europe. Modern Rev., July. 
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CLOQUE?, Dr. N.—Etudes sur le préhistorique 4 Exposition universelle 

de Paris, 1878. Mons, 1880. pp. 64. 8°. 
CoLLErT, Joun—*‘ A Vincennes Mound” and “The Worthington 

Mound.” Indiana Rep. of Statistics and Geol., 1880, pp. 387-596. 

CoLLIGNON, RENE—Description des ossements humains fossiles trouvés 

dans le Lehm de Bollviller. Rev. @anthrop., 1880, pp. 395-413. 

Conant, A. J., 8S. D. PEET, & O. T. MAson—The connection between 

archeology and history. Kansas Oity Rev., March, 1880. 

Costa, B. F. DE—Glacial man in America. Pop. Se. Month., Nov. 

Cox, JOSEPH (President Madisonville Lit. and Se. Soe., Ohio)—Account 

of an ancient cemetery near Batavia Junction, Ohio. Cincin. Daily 
Gaz., April 29, 1879. 

CUSHING, FRANK H.—Relic hunting. Tr. Anthrop. Soc. Washington, i, p.3. 

D’Acy, M. E., & M. ARcELIN—Lettre et réponse: La classification 

archéologique appliquée a Pépoque quaternaire dans la Revue des 

questions historiques. pp. 605-633, 4° année, 2° livr., Bruxelles, 1880. 

DALy, D. D.—Caves at Sungei Batu, in Selangor. J. Straits Branch 

Roy. Asiatic Soc., iii. 

Dawkins, W. Boyd—Early man in Britain and his place in the Terti- 

ary period. London, Macmillan & Co., 1880. 

Dawson, J. W. (President McGill College, Montreal)—Fossil men and 

their modern representatives : an attempt to illustrate the character 

and condition of prehistoric men in Europe, by those of the Ameri- 

can races. Montreal, Dawson Brothers, 1880. 1 vol. vili, 348 pp. 

Illus. 129. 

~ The chain of life in geological time. (Last chapter on the advent 

of man.) Religious Tract Society, London. 272 pp. sm. 8°. 

The antiquity of man and the origin of species. Princeton Rev., 

Nov., 1880. — 
DE HAss, W1LLS—The mound-builders: an inquiry into their assumed 

southern origin. Zr. Anthrop. Soc. Washington, i, p. 55. 

DELBOS, J.—Notice sur la découverte de squelettes humains dans le 

Lehm de Bollviller (Haut-Rhin). Rev. @anthrop., 1880, pp. 885-394. 

EBERS, H.—Modern results of Egyptology. Deutsche Rundschau, May. 

ENGELHARDT, C.—L’ancien age du fer en Selands et dans la partie 

orientale du Danemark: les sépultures et squelettes. Traduit par E. 

Beauvois. Copenhague, 1880. pp. 60. 8°. Gravures et planches. 

EVANS, SAMUEL—Notes on the principal mounds in the Des Moines 

Valley. Smithson. Rep., 1879, p. 344. 

FAILYER, G. H. (Manhattan, Kans.)—Traces of aborigines in Riley 

County. (Read at the 13th annual meeting Kansas Acad. of Se.) 

FARQUHARSON, R. J. (Davenport, Iowa)—Prehistoric trephining in 

America. (Read at Am. Assoc., Boston, 1880.) 
The contemporaneous existence of man and the mastodon in 

America. Id: 
FaurE, L.—Btat actuel du probléme de existence de Vhomme a lage 

tertiaire. Gaz. méd. deV Algérie, Alger, pp. 145; 149; 158. 
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FERGUSSON, JAMES & JAMES BuRGESS—The cave temples of India. 
Printed and published by order of H. M. Secretary of State for 

India. W.H. Allen & Co., London. (Reviewed in The Atheneum, 

Sept. 25, 1880; The Academy, Oct. 30, 1880.) 

FISCHER, H.—Ueber priihistorische Kieselwerkzeuge. Arch. f. An 

throp., 1880, xii, pp. 273-292, 1 map. 
GANNETT, H.—Prehistoric ruins in Southern Colorado. Pop. Sc. Month., 

March. 

GAUDRY, ALBERT—Matériaux pour Vhistoire des temps quaternaires. 

gme fase. De Vexistence des Saigas en France a époque quaternaire. 

Paris, Savy, 1880. pp. 63-82, 3 pl. 4°. 

GEIKIE, J.—Prehistoric Europe: zoogeological sketch. 8°. With map 

and illus. London, Edward Stanford. 
GERVAIS, Hpnri, & FLORENTINO AMEGHINO—Les mammiferes fos- 

siles de VAmérique du Sud. Paris, Savy, 1880. xi, 227 pp. 8°. 

GESNER, WILLIAM—Mica beds in Alabama. Smithson. Rep., 1879, 

p- 382. 

Gowsk, F. S.—Bulandshar antiquities. J. Roy. Asiatic Soc. Bengal, i, iv. 

Hares, Henry W.—Fossil man. Pop. Sc. Month., July. 

HALpEemMAN, S. S8.—Aboriginal pottery and stone implements.  Scv- 

CENCE Dak ae 

HALL, J. H.—Cypriote inscriptions of the Di Cesnola collection in the 

Metropolitan Museum of Art, New York City. J. Am. Oriental 

ISOCHEX. 
HEATH, Rev. DUNBAR—Squeezes of Hamath inscriptions. J. Anthrop. 

Inst., ix, No. 4, pp. 369-375. 

HENDERSON, J. G.—Ancient mounds near Naples, Illinois. Science, i, 

pe E12: 

HoLBrook, WATSON ©. (Coleta, Il.) —Antiquities of Whitesides County, 

Ill. Davenport Acad. Nat. Se., Lowa. 

Prehistoric altars in Whitesides County, Ill. (Read at Am. 

Assoe., Boston, 1880.) 

HouGu, JAmEs—Mounds in Washington County, Miss. Smithson. 

Rep., 1879, p. 383. 

Hovry, H. C.—On the alabaster quarries and flint works found in 
Wyandot Cave. Am. Antiquarian, iil, No. 1. 

JACKMAN, F.—Mounds and earthworks of Rush County, Indiana. 

Smithson. Rep., 1879, p. 374. 
JONES, CHARLES C.—Primitive manufacture of spear and arrow-points 

along the line of the Savannah River. Smithson. Rep., 1879, p. 376. 

KArns-J ACKSON—Our ancient monuments and the land around them. 
With an introduction by Sir John Lubbock. London, Elliott Stock. 

(Reviewed in The Athenwum, Aug. 7, 1880.) 

(This volume relates to the scheme so long fostered by Sir John 
Lubbock of protecting the ancient monuments by legislation. | 

KARNER, P. L.—Kiinstliche Héhlen in Niederésterreich. Atth. d. 
Anthrop. Gesellsch. in Wien, 1880, ix, pp. 289-342, 3 pl. 
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KERR, W. C.—The mica veins of North Carolina. Tr. Aim. Inst. Mining 
Engineers, Feb., 1880. 

[Alludes to ancient Indian mica mining.] 
KeEss_LiEr, F.—Etudes préhistoriques. L’homme tertiaire. Belfort, 1880. 

8°. 

Know es, W. J.—Portstewart and other flint factories in the north 
of Ireland. J. Anthrop. Inst., ix, No. 3, pp. 320-329. 

Flint implements from the valley of the Bann. J. Anthrop. 

Inst., x, No. 2, pp. 150-152. 

LAGNEAU, GUSTAVE—Monuments préhistoriques du Berry, par Ludovie 

Martinet. 

Lewis, H. C.—Antiquity of man in America geologically considered. 

Science, Oct. 16. — 
The Trenton gravel and its relation to the antiquity of man. 

(Read before the mineralogical and geological section of the Acad. 

Nat. Se. Phila., Nov. 24, 1879.) 

Lortet, BE. & ERNEST CHANTRE—Etudes paléontologiques dans le 
bassin du Rhone. Période tertiaire. Recherches sur les mastodontes 

et les faunes mammalogiques qui les accompagnent. Lyon, Georg, 

1880. 33 pp.,17pl. 4°. (Extr. du Mus. d’Hist. nat. de Lyon.) 

LovE, ALBERT C.—Prehistoric relics in Lowndes County, Miss. Ay. 

Antiquarian, il, No. 4. 

LOW, CHARLES I*'.—Archeological explorations by the Literary and 

Scientific Society of Madisonville, Ohio. Part iii. Jan. to June 30, 

1880. 
LUCANTE, A.—Essai géographique sur les cavernes de la France et de 

Vétranger. France: Région du sud. Angers, 1880. pp. 76. 8°. — 

LULL, EpDwArpD P.—On the determination of the age of prehistoric 

remains. Tr. Anthrop. Soc. Washington, i, p. 27. 

MAcADAMS, WILLIAM—Antiquities of Jersey and Calhoun Counties, 

Ill. (Published in county history.) 

Ancient agricultural implements of stone. (Read before Amer- 
ican Association for the Advancement of Science, at Boston meet- 

ing, Aug. 30, 1880.) Science, Sept. 11. 

Sea-shells in ancient mounds. (Read before A. A. A. 5., at 
Boston meeting, Aug. 31, 1880.) 

The prehistoric cave men of Illinois. (Read before Nat. Hist.. 
Soe. of Illinois, Springfield, Feb. 10, 1880.) 

The pipes of the mound builders and pottery-makers. (Read 

before A. A. A. 8., Boston meeting, Aug. 31, 1880.) 

Stone implement from base of drift. (Read before A. A. A. 5., 
Boston meeting, Aug. 50, 1880.) 

Ancient mounds of Illinois. (Read before A. A. A. 8., Boston, 
Aug. 28, 1880.) 

Mound-builders and cave men of Ilinois. (Read before Chicago 
Academy of Sciences, March 23, 1880.) 



ANTHROPOLOGY. 409 

McGuire, J. D.—Shell-heaps of South River, Maryland. Tr. Anthrop. 

Soc. Washington, 1, p. 31. 

McLEAN, J. P.—A study of American archeology. Universalist Quar- 

terly, July. 

— Mastodon, mammoth, and man. 2d ed. Cincinnati, Robert 

Clarke & Co. 

MARTINET, LUDovyic—Monuments préhistoriques du Berry. fev. @an- 

throp., 1880, pp. 469-492. 

MASON, Oris T.—Observation on Aztec and Guatemalan antiquities. 7’. 

Anthrop. Soc. Washington, i, p. 6. 

MILLESCAMPS, G.—Silex taillés et emmancheés de Vépoque mérovin- 

gieune. Paris, 1880.. p. 8. 8°. 

MrrcHecy, BRAtINERD—Mounds in Pike County, Il. Smithson. Rep., 

1879, p. 367. 

Mor@an, Lewis H.—Deseription of an ancient stone pueblo on the 

Animas River, N. Mex., with a ground plan. Rep. Peabody Mus., 

li, pp. 956-556. 

Morsk, E.S.—Dolmens in Japan. Pop. Sc. Month., March. 

The Omori shell mounds. (From Nature, April 15, 1830.) Some 

recent publications on Japanese archeology. (From the Am. Nat- 

uralist, Sept., 1880.) Pamphlet pub. at Salem, Mass., 1580. 

NEWLON, W. S. (Oswego, Kans.)—Glacial scratches and evidences of 

human agency in petrified wood. (Read at the 13th annual meet- 

ing, Kansas Acad. of Se.) 

Norris, P. W.—Prehistoric remains in Montana, between Fort Ellis 

and the Yellowstone River. Smithson. Rep., 1879, p. 327. 

OEHLER, ARTHUR—Stone cists near Highland, Madison County, I). 

Smithson. Rep., 1879, p. 366. 

OprEeRT, M.—La méthode chronologique. Kev. hist., July. 5 

PEE, STEPHEN D.—The emblematic mounds and the totemic system 

of the Indian tribes. (Read before the Wisconsin Acad. of Se. and 

Art.) Am. Antiquarian, iii, No. 1. 

[Stephen D. Peet, of Clinton, Wis., editor of the American Anti- 

quarian, a quarterly journal of anthropology, which, during 1530, 

appeared in its second volume. Mr. Peet has contributed largely to 

his own periodical, and also has published the following: The mound- 

builders: a classification of the different groups of their works 

(Read before the Congres des Américanistes at Luxembourg, Sept., 

1876. Republished in Am. Antiquarian, ii, No. 3.| 

PENGELLY, W.—The time that has elapsed since the era of the cave- 

men of Devonshire. Scient. Man:, Oct. 7. 

PERKINS, G. H. (Museum of Univ. of Vt.)—Archeology of the Cham- 

plain Valley. Proc. Am. Assoe., Saratoga meeting, pp. 528-939. 

Relation of the archeology of Vermont to that of the adjoining 

States. Science, Oct. 2, 1880. 

PETRIE, W. M. FLINDERS—Stonehenge: Plans, description, and the- 

ories. London, Stanford. (Reviewed in Atheneum, Sept. 18, 1880.) 
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Prerre, KpouARD—Nomenclature des temps anthropologiques primi. 

tifs. Laon, 1880. pp. 8. 8°. 

PortrER, W. B., & Dr. EDWARD EvERS—Contributions to the archie- 

ology of Missouri, by the archeological section of the St. Louis 

Academy of Sciences. PartI. Pottery. 30pp., 5 maps, 24 plates. 

4°, (Review in the Am. Naturalist, by O. T. Mason, and in the 

Am. Art Rev., by F. W. Putnam.) 

PRESERVATION of monuments. Committee on classifying and preserv- 

ing the megalithic monuments of France. Rev. @anthrop., 1880, pp: 

188-189. 

Prick, F. G. Ht1Lton—Further notes on the Romano-British cemetery 

at Seaford, Sussex. J. Anthrop. Inst., x, No. 2, pp. 130-136. 

Quick, EpGAR R.—Mounds in Franklin County, Indiana. Smithson. 

Rep., 1879, p. 370. 

YAU, CHARLES (Washington, D. C.)—Tablero del Palenque en el Museo 
Nacional de los Estados-Unidos. (Translated in the Anales del 

Museo nacional de México, by Sres. Joaquin Davis and Miguel Peres.) 

LEDDING, B. b.—Prehistorie treasures. Californian, Feb. 

RENAULT, Dr. CH.—Inventaire des découvertes préhistoriques et gallo- 

romaines faites dans les environs de Cherbourg. Cherbourg, 1880. 

pp. 30. 8°. 

REYNOLDS, ELMER R.—Ossuary at Accotink, Va. Zr. Anthrop. Soc. 

Washington, i, p. 92. 

Indian mounds in the Shenandoah Valley. Tr. Anthrop. Soc. 

Washington, i, p. 108. 
Turtle-back celts and their uses. Tr. Anthrop. Soc. Washington, 

i, p. 30. 

——— On the aboriginal shell heaps at Pope’s Creek, Md. Tr. An- 

throp. Soc. Washington, i, p. 23. 

Aboriginal paint quarry. Tr. Anthrop. Soc. Washington, i, p. 

iLL 

Aboriginal cemeteries near Piscataway, Md. Tr. Anthrop. Soc. 

Washington, i, p. 18. 

The ancient soapstone quarries near Washington, D.C. Rep. 

Peabody Mus., ii, pp. 526-535. 

tHODE, J.—Los pueblos del Rio Negro. ol. Inst. Argent. Geogr., 1880, 

No. 3, pp. 151-157. 

RIALLE, GIRARD DE—Review of Schliemann’s Troy and Mycene. 

Rev. Wanthrop., 1880, pp. 77-89; of German anthropology, p. 97. 

Rick, A. THORNDIKE—Ruined cities of Central America. N. Am. Rev. 

Aug. 

ROBERTSON, R. 8. (Fort Wayne, Ind.)—The mound builders of Amer- 
ica. Mag. Am. Hist., iv, p.174. (Reprinted from the Compte-rendu, 

of the Congres international des américanistes, Luxembourg, 1877.) 

LOCHEBRUNE, U. 'T. DE—Recherches d’ethnographie botanique sur la 

flore des sépultures péruviennes d’Ancon. Bordeaux. pp. 20. 8°. 

(Extr. des Actes de la Société linnéenne.) 
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Rock, MrtEs—On the effacing power of tropical forest-growth in Trini- 

dad Island. Tr. Anthrop. Soc. Washington, i, p. 26. 

RosENBERG, A.—Die Werkstiitten des Steinzeitalters auf der Insel 

tiigen. Ztschr. f. Ethnol., Berlin, 1880, pp. 175-192. 

tYGH, O.—Norwegian antiquities: Arranged and explained by Prof. O. 

Rygh, of Christiania. v. 1. London and Christiania. (Reviewed 

in The Atheneum, Sept. 11, 1880; The Academy, Aug. 14.) 

SALISBURY, STEPHEN, jr. (Worcester, Mass.)-—The Mayas; Discoveries 
in Yucatan; The Mexican calendar stone; Maya archeology; Mex- 

ican copper tools; Maya chronology. Pamphlets. 

Satrow, ERNEST—Ancient sepulchral mounds in Kaudzuke, Japan. 

Tr. Asiatic Soc. of Japan, viii, pt. iii, pp. 333-368, 41 illus. 

SAVAGE, J.—Stone implements found in Trego County, Kansas. (Read 

at 13th annual meeting, Kansas Acad. Sc.) 

Suort, Joun T.—The North Americans of antiquity: Their origin, 

migrations, and type of civilization considered. New York, Har- 

per & Brothers, 1880. 1 vol. pp. 544,illus. 8°. 

[ A very careful résumé of the subject, drawn from older authorities 
and from the latest investigations by the Geological and Geograph- 

ical Surveys of the Territories. | 

Surru, V. A.—Observations on some Chandel antiquities. J. Roy. 

Asiatic Soc. Bengal, i, iv. 
SmirH, WortTHiINGTON G.—Palolithic implements from the valley of 

the Brent, Axe, K. J. Anthrop. Inst., ix, No. 3, pp. 316-320; No. 4, 

p. 369. 

SmucKER, ISAAC—Cresap and Logan. (Ocecupies 11 pages in the sta- 

tistical report of the Secretary of State’s report for Ohio. In the 

same volume are 11 pages on Colonel Crawford’s expedition.) 

Flint Ridge: Its geography, geology, mineralogy, archeology 

ethnology, and palwontology. (Read before the Newark Lyceum. 

Published in the Newark American, and after in the History of 

Licking County.) 

The Old Fort: A brief description of the Newark work.  (His- 
tory of Licking County. In the same volume is a chapter on Welsh 

settlements in America.) 

[Isaac Smucker, of Newark, Ohio, is the author of several fugitive 
papers of historical and ethnological importance, a part of which 

are embodied in the History of Licking County, Ohio, a work of 822 
double-column pages. The titles of the papers, together with their. 

manner of pubtication, appear above. | 
SOURDEVAL, CH. DE—Le cheval 4 cdte de Vhomme et dans Vhistoire, 

Paris, Hetzel, 1880. ii, 333 pp. 18°. 
STONE, W. I.—Remains of an ancient Indian work on Fish Creek, 

near Saratoga Springs. Mag. Am. Hist., July. 

STuART, VILLIERS—Nile gleanings. 58 plates. Scribner & Welford. 
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THOMPSON, THERON—Mounds in Muscatine County, Iowa, and Lock 

Island County, Illinois. Smithson. Rep., 1879. 

TrLLoTsoN, D.C. (North Topeka, Kans.)—Fragments of pottery from the 

Upper Solomon. (Read at the 13th annual meeting Kansas Acad. of 

Se.) 

TOELLNER, ADOLPH—Antiquities of Rock Island County, HI. Smith- 
son. Rep., 1879, p. 863. 

VIKIN’S (A) ship. (Architect.) Van Nostrand’s Mag., Oct. 

VoapEs, A. W. (lieut. of artillery, Fortress Monroe, Va.) Notes on a 

lost race of America, containing a description of the Tampa (Fla.) 
shell mounds. Am. Naturalist, xiii, 1879, p. 9. 

Who built the mounds? A. republication of Heckewelder’s 

traditions of the Delawares. Cartersville (Ga.) Express, July 19, 

1879; N. Y. Times, July 25, 1879. 

WALKER, 8. T.—Preliminary explorations among the Indian mounds in 

Southern Florida. Smithson. Rep., 1879, pp. 392-427. Illus. 

[A very important contribution to knowledge. | 

West, E. P.—Chambered mounds near Kansas City. (Read at 15th 
annual meeting Kansas Acad. of Sc.) 

A buried race in Kansas. Kansas City Rev., Jan. 

WHITTLESEY, CHARLES (Cleveland, Ohio) —Relics of aboriginal art, 

and their ethnological value. No.52. Western Reserve and North- 

ern Ohio Historical Society. May, 1880. 

Relics of aboriginal art, and their ethnological value. An. 

Antiquarian, iii, No. 1. 
WIENER, C.—Gran-Chimu et la ville de Cuzeo. Bull. Soc. de géogr., 

Oct. 

Pérou et Bolivie: Récit de voyage suivi d’études archéolo- 

giques et ethnographiques et de notes sur l’écriture et les langues 

des populations indiennes. Paris, Hachette et Cie. 1 vol. 796 

pp., 1,100 cuts, 27 charts, 18 plans. gr. 8°. 

[In 1875, Mr. Wiener was sent by the minister of public instruc- 
tion of France to Peru and Bolivia upon an archeological and 

ethnographic mission. The volume above mentioned is the report 

of his labors. | 
WILLIAMS, A. M. (Kansas City, Mo.)—The pueblos of New Mexico. 

(Read at the 15th annual meeting, Kansas Acad. of Sc.) 

WooLLeEy, CuHaAs. I’.—Shell-heaps and sand-fields. Am. Antiquarian, 

1, p. 253. 

Indian village sites. IJd., iii, p. 59. 

Indian village sites in Monmouth Co., N. J. New Jersey Stand- 
ard, Nov. and Dece., 1879, and Jan., 1880. 

WorSAAK, J. J. A.—The preservation of antiquities and national mon- 

uments in Denmark. ‘Translated by Otis T. Mason. Smithson. 

Rep., 1879, pp. 299-309. 

ZABAROWSKI, —.—Tertiary man. Kansas City Rev., Oct. 
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Til.—BioLocy OF MAN. 

ALLEN,, N.—Laws of inheritance. Sanitarian, N. Y., 1880, pp. 385-390. 

Amat, L.—Caleul mental et conformation cranienne. Rev. scient., Paris, 

1880, pp. 29-32. 

ANATOMY.—Comparative. Science, i, p. 322.—Encephalic. Id., p. 73. 

ANTHROPOID brain. Science, i, p. 25. 
ANTHROPOMETRIC committee of the British Association, Extracts 

from the report of the. J. Anthrop. Inst., ix, No. 3, pp. 345-352. 

AYRTON, MATILDA CuapLiIN—Recherches sur les dimensions générales 

et sur les développements du corps chez les Japonais. Paris, 1879. 

BAILLARGER & KRISHABER—Crétin. Dict. encycl. d. sc. méd., Paris, 

1879, 1°° s., xxiii, pp. 126-146. 

BrArp, G. M.—English and American physique. NV. Am. Kev., 1879, 

CXxIX. 

BENEDIKT, M.—Ueber Kraniometrie. Centralbl. f. Nervenh., Coblenz, 

1879, ii. 
Weitere methodische Studien zur Kranio- und Kephalometrie. 

Wien, 1880. 8°. (From Mitth. d. Anthrop. Gesellsch. in Wien, 1530, 

ix, pp. 348-371.) 

BENZENGUE, Dr.—Les sourds-muets de Moscou. Rev. @anthrop., 1580, 

pp. 27-33. 

BERTILLON, J.—Statistique anthropométrique et médicale des éleves 

des écoles primaires de Bruxelles. Ann. de démog. internat., Paris, 

TS TO, ait. 
BLACHE, R.—Développement physique de Venfant depuis la naissance 

jusqwau sevrage. Union méd., Paris, 1880, 3™° s., xxix, pp. 336; 

433; 441. 

BLAKE, C. J.—Exostoses in the ear canals of the mound builders. 

Tr. Am. Otol. Soc., Boston, 1880, pp. 417-419; Am. J. Otol., N. Y., 

1880, pp. 295-297. 

Bono, G. B.—Della capacita orbitale e cranica e dell indice cefal- 

orbitale nei normali, pazzi, cretini, e delinquenti. Arch. di psichiat., 

etc., Torino, 1880, pp. 299-313. 

BorpreR—Sur les erénes (assassins. Bull. Soc. @anthrop. de Paris, 

1879. 

BoreLER, W. C.—Peculiarities of the American Indians from a physio- 

logical and pathological standpoint. Maryland M. J., Balti- 

more, 1880-81, vil, pp. 54-58. 

Broca, PAuL—Crane et cerveau d’un homme atteint de la déformation 

toulonsaine. Bull. Soc. @anthrop. de Paris, 1879, i. 

Sur la détermination de ’age moyen. Bull. Soc. Wanthrop. de 

Paris, 1879, 11. 
Sur un erane de fellah et sur Pusure des dents. Bull. Soe. 

@anthrop. de Paris, 1879, ii. 
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Broca, PauL.—Instructions générales pour les recherches anthropolo- 
giques a faire sur les vivants. 2™° éd. Paris, G. Masson, 1879. 
301 pp., 4 pl. 8°. 

BURNETT, SWAN M.—Color blindness as affeeted by race. Tr. Anthrop. 

Soc. Washington, i, p. 7. 

CHASSAGNE & DALLY—Recherches anthropométriques sur les effets de 

la gymnastique @entrainement. Rev. @anthrop., 1880, pp. 230-264. 

DELISLE, F.—Contributions a Vétude des déformations artificielles du 
crane. Gaz. méd.-chir. de Toulouse, 1880, pp. 194; 202; 210; 218; 

226; 234; 242; 250. 

Contribution a étude des déformations artificielles du crane. 

Paris, Parent, 1880. 67 pp. 8°. (These de doctorat.) 
DucATTE, EDMoND—La microcéphalie au point de vue de latavisme. 

Paris, 1880. 95 pp. 4°. 

DuvVAL, MATHIAS—Recherches sur Vorigine réelle des nerfs craniens. 

J. deVanat. et de la physiol., sept. 1876, mars et nov. 1877, jan. et juil- 

let 1878, sept. 1879, mai—juin, sept.—oct. 1880. 

FALLOT—Sur le cerveau dune jeune Indienne née a Caracas (Véné- 

zuéla). Dull. Soc. @anthrop. de Paris, 1880, pp. 440-450. 

Sur le cerveau d’un Malais né 4 Manille. Jbid., pp. 441-445. 

FAULDS, H.—On the skin furrows of the hand. Nature, London, 1880, 

p. 605. 
FERE, CHARLES—Essai d’anthropométrie. (Comparaison des diamétres 

bitrochanterien et biiliaque.) Rev. @anthrop., 1850, pp. 193-202. ~ 

FLOWER, W. H.—On the cranial characters of the natives of the Fiji 

Islands. J. Anthrop: Inst., x, No. 2, pp. 155-174. 

FOWLER, E. P.—Are brains of criminals anatomical perversions? Med.- 

Chir. Quart., N. Y., 1880-81, pp. 1-32. 
GARCIN, C.—La téte et le crane Wun Néo-Calédonien. Marseille méd., 

1879, xvi. 

GILDMEISTER, J.—Zur Héhenmessung des Schiidels. Arch. f. Anthrop., 

3rnschweg., 1880, pp. 449-451. 

GRANJUX—L’hygiéne de la premitre enfance chez les négres de la Cote 

des esclaves. Gaz. obst., Paris, 1880, ix, pp. 81-84. 
GRANVILLE, J. M.—A note on the intention in the determination of sex, 

and the mental and physical inheritance of children. Lancet, Lond., 

1880, pp. 650-652. 

HAbRA, B. E.—Mensuration of the thorax below the diaphragm. Boston 
M. & S. J., 1880, pp. 247-249. 

Harris, R. P.—Foot-binding in Ningpo, China. Med. & Surg. Reporter, 

Phila., 1880, p. 360. 

Haymonp, W.S.—Human longevity. Tr. Indiana M. Soc., Indianap., 

1880, pp. 73-79. 

TRELAND, W. W.—Notes on left-handedness. Brain, London, 1880-81, 
pp. 207-214. 
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JUKOVSKI, I.—Observations on the weight and measure of infants. St. 

Petersburg, 1880. ii, pt. i, pp. 71-98. [In Russian. ] 

KorELMANN, L.—Die Augen von 9 Laplindern, 3 Patagoniern, 13 

Nubiern, und 1 Neger vom Weissen Nil. Berl. klin. Wehnschr., 

1879, xvi. 

KtstTner—Die Hiiufigkeit der angeborenen Plattfiisse. MJed.-chir. Cen- 

tralbl., Wien, 1880, p. 532. 
LACASSAIGNE—Richerche su 1,333 tatuagzi di delinquenti. Arch. dt 

psiehiat., etc., Torino, 1880, pp. 438-445. 

LANGER, C.—Ueber Form- und Maassverhiiltnisse des K6rpers. Wien. 

med. Wehnschr., 1880, pp. 1357; 1392. 

LAvocat—Homotypie des membres. Conformation de Phumérus des 

vertébrés. Toulouse, Douladoure, 1880. 19 pp. 8°. (Extr. des 

Mém. Acad. d. se. de Toulouse.) 

LEASURE, D.—The law of heredity. Zr. Minnesota M. Soc., St. Paul, 

1880, pp. 123-149. 

Lr Bon—Des différences de volume du crane suivant les races, les ind1- 

vidus et les sexes. [Extract from his memoir crowned by the Société 

Wanthropologie de Paris with the first prize.| Gaz. d. hop., Paris, 

1879, lii. 
LExBon, G.—Résultats fournis par la mesure des capacités de cranes 

ayant appartenu 4 des hommes célébres. Compt. rend. Acad. d. se., 

Paris, 1879, Ixxxix. 
LENHOSSEK, JOSEPH DE—Des déformations artificielles du crane en geé- 

néral, de celles de deux cranes makrocéphales trouvées en Hongrie, 
et @un crane provenant des temps barbares du méme temps. Buda- 

pest, 1880. 142 pp., 3 pl. 4°. 

Maarror, E.—Sur Vusure spontanée des dents au point de vue eth- 

nique. Bull. Soc. @anthrop. de Paris, 1880, pp. 312-315. 

MANTEGAZZA, PAoLO—La riforma craniologica. Arch. per Vantrop., 
Firenze, 1880. 

MARIGNAN, E.—La trépanation néolithique. Review in Gaz. hebd. d. 

se. méd. de Montpel., 1880, ii, pp. 231-233. 
MATHOUILLET, PIERRE ALBERT—Etude sur la scaphocéphalie. Paris, 

1880. p. 62, No. 142. 49. 

Meg, K.—Obertliichenmessungen des menschlichen Kérpers.  Zfschr. 

f. Biol., Miinchen, 1879, xv. 

MopEGLIANT, L.—Di aleune line faciali trasverse nel cranio di varie 

razze. Arch. per Vantrop., Firenze, 1879, ix. 

MoNSABRE, S. M. L.—La hermosura y grandeza del hombre. Sentido 

catol., Barcelona, 1880, ii, 525; 542; 557; 621; 637; 683. 
Monti—L’ indice pitt approssimativo per la scelta del soldato e la diame- 

* tria toracica in sostituzione della mesura periferica. Gior. di med. 

mil., Roma, 1880, xxvii, pp. 337-373, 8 tab. 
MoRSELLI, ENR1co—Critica e riforma del metodo in antropologia fon- 

data sulle leggi statistiche e biologiche dei valori seriali e sull’ esperi- 

mento. Roma, eredi Bolta, 1880. 178 pp. 8°. 
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OastTon, F., jr.—On the average length and weight of mature new-born 

Seoteh children. Edinb. M. J., 1880, pp. 603-615. 

Paoul, G. DE—Quatro erani di delinquenti. Arch. di psichiat., ete., 

Torino, 1880, i, pp. 337-342. 

QUATREFAGES, A. DE—Les cranes finnois. J. d. savants, mai-juin 

1880. 
—— & ERNEST T. HAMy—Crania ethnica. Les cranes des races hu- 

maines, déecrits et figurés daprés les collections du Muséum dhis- 

toire naturelle de Paris, de la Société @anthropologie de Paris, et 

les principales collections de la France et de V’étranger. Accom- 

pagné de planches lithographiées @apres nature, par H. Formant, 

et illustré de nombreuses figures intercalées dans le texte. livr. 9. 

pp. 353-400, 10 pl. Paris, Bailliére et fils, 1880. gr. in 4°. 

The crossing of the human races. Pop. Sc. Month., June. 

—-~— Review of Dr. Daniel Wilson’s memoir entitled ‘‘Some Ameri- 

can illustrations of the evolution of new varieties of man.” Rev. 

scient., Feb. 14, 1880. : 

RENARD, L&EoN—Des variations ethniques du maxillaire inférieur. 

Paris, 1380. 66 pp., No. 81. 4°. 

RENE, A.—Relations qui existent entre la taille, la capacité vitale, la 

force (inspiration et d@expiration, la force musculaire, ete. Gaz. 

d. hép., Paris, 1880, pp. 1202-1204. 

RIcHET, CHARLES—EHssai sur les méthodes numériques qui permettent 

WVapprécier la féconditeé et la vitalité. Rev. @anthrop., 1880, pp. 203- 

212. 

RoyvER, Mme. CLEMENCE—Le systéme pileux chez ’Vhomme et dans 

la série des mammiferes. Rev. Wanthrop., 1880, pp. 13-26. 

Ruma, R.—Anthropometry: school children. St. Petersburg, 1880. 

pp. 95-151. 

SAUVAGE—*Crania ethnica” de MM. Quatrefages et Hamy. fev. 

Wanthrop., 1880, p. 119. Revue anglaise, id. 158-144; Revue préhis- 

torique, id., p. 296. (See, also, pp. 327; 361; 525; 552; 697.) 
ScHAAFHAUSEN—Ueber die figyptischen Mumien in kraniologischer 

Beziehung. Sitzungsb. d. nied.-rhein. Gesellsch. d. Nat.- u Heilk. 2u 

Bonn, 1879, p. 290. 

ScHOLER—Ophthalmologische Untersuchungen an Nubiern und Negern. 

Ztschr. f. Ethnol., Berlin, 1880, xii, pp. 59-68. 

——— Ueber die Stellung der Ophthalmologie zur Anthropologie. 

Arch. f. path. Anat., Berlin, 1879, Ixxvii. 

SEMALLE, R.—Sur la génération au point de vue chronologique. Bull. 

Soc. Wanthrop. de Paris, 1880, pp. 295-301. 
SokoLorr, N. D.—K charakteristiske polovo detelnosti jentschinkrest- 

janok severo vostochnago ugla Moskovskago ujezda. [Puberty in 

female peasants in Russia.| Vrach. Vaidom., St. Petersb., 1880, v, 
pp. 1567-1569. 
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Spitska, EH. C.—Contributions to anatomical anthropology, chiefly upon 

the encephalon. Science, i, 73; 125; 134; 176; 202; 235; 251; 303. 

1. Aremarkable peculiarity of ananthropoid brain. Science, July 

17, 1880, 1 p. 

2. Architecture and mechanism of the brain. Chapters i-ii. 

(Reprinted.) J. Nerv. & Ment. Dis., April and July, 1880. 

pp. 106. 

3. Race and insanity. (Reprinted.) J. Nerv. & Ment. Dis., Oct., 

1880, pp. 18. 

4, Monomania or Primiire Verriicktheit. St. Louis Clin. Rec., Dee., 
1880. 

5. Developmentof the human ovum, embryo, and fetus. St. Louis 

Clin. Rec., Jan., Feb., April, May, June, Aug., Sept., 1880. 

STAGE, G. G.—Weight in the first year. Copenhagen, 1879. 

SrreDA, L.—Historische Bemerkungen iiber den Processus marginalis 

des Jochbeins. Verhandl. d. Berl. Gesellsch. f. Anthrop., 1880, p. 219. 

Ueber die Berechnung des Schiidelindex aus Messungen an 

lebenden Menschen. Arch. f. Anthrop., Brnschweg., 1880, pp. 421- 

430. 

TARUFFI, C.—Dell’ antropometria e delle anomalie della colona verte- 
brale. Ann. univ. di med. e chir., Milano, 1879, cexxlix. 

THoms, WiLLIAM J.—Exceptional longevity: its limits and frequency. 

A letter to Professor Owens. London, 1880. 1.s. 8°. 

TitEcA—Levée de milice de 1879; recherches relatives a la taille, au 

périmétre thoracique et au poids du corps. [Rapp.] Arch. méd. 

belges, Bruxelles, 1880, 3. s., xvii, pp. 89-130. 

TOPINARD, P.—Des différents instruments Wanthropomeétrie. Bull. 
Soc. Vanthrop. de Paris, 1880, pp. 269-277. 

Etudes anthropométriques sur les canons. 1. Du trone. Rev. 

WVanthrop., 1880, pp. 609-620. 

——— Review of Roberts’ “Manual of anthropometry.” Rev. dan- 

throp., 1880, p. 112. Revue americaine, pp. 145-157; of Flower, pp. 

493-500; Netherlands, p. 543; England, pp. 556-564; Ethnology, 

pp. 669. 

UsFraLvy—“ Cranes finnois”de M. Retziius. Rev. @anthrop., 1880, p. 
115. (For other reviews, see same journal, pp. 345; 353-358.) 

UsHer, J. F.—Diminutive live births. Austral. M. J., Melbourne, 1880, 

p. 366. 

Vircnuow R.—Alte Berliner Schiadel. Verhandl. d. Berl. Gesellsch. f. 

Anthrop., 1880, pp. 229-236. 

Hohlenschidel aus dem oberen Weichsel-Gebiet.  Ztschr. f. 

Ethnol., Berlin, 1880, pp. 52-55, 

——— Ueber den Schiidel der jungen Gorilla. Monatsber. d. k. preuss. 

Akad. d. Wissensch., Berlin, 1880, pp. 516-541, pl. 

——— Ueber einige Merkmale niederer Menschenrassen am Schiidel 

und iiber die Anwendung der statistischen Methode in der eth- 

nischen Craniologie. Ztschr. f. Ethnol., Berlin, 1880, xii, pp. 1-26. 
S. Mis. 31——27 
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Von H6ipER, H.—Ueber diein Deutschland vorkommenden von Herrn 
Virchow den Friesen zugesprochenen niederen Schadelformen. 

Arch. f. Anthrop., 1880, xii, pp. 315-358. 

WaAkkE, C. STANILAND—La barbe considérée comme caractere de races. 

Rev. @anthrop., 1880, pp. 34-76. 

WALDMEYER, W.—Bemerkungen iiber die “Squama ossis occipitis” mit 
besonderer Beriicksichtigung des ‘Torus occipitalis.” Arch. f. 

Anthrop., Brnschwg., 1880, pp. 453-461, 1 pl. 

WEISGERBER, HENRI—De V’indice thoracique. Paris, 1879. 

WILSON, J.—Ueber einen geschwanzten Mann von Gozzo. Ztsehr. f. 
Hthnol., Berlin, 1880, p. 74. 

WoInARSKI, S. E. A. Z.—Some statisties of the length and weight of 
children born in the Lying-in Hospital, Melbourne. Austral. M. 

J., Melbourne, 1879, i. 
Yarrow, H. C.—Medical facts relating to the Zuni Indians of New 

Mexico. Rocky Mountain M. Rev., Colorado Springs, 1880-81, pp. 

192-194. 
IV.—COMPARATIVE PSYCHOLOGY. 

D’ABBADIE—Sur la vision de la série des nombres. Bull. Soc. Wan- 
throp. de Paris, 1880, pp. 216-224. 

ALLEN, GRANT—Aisthetic evolution in man. Mind, xx. 
ANIMAL instinct in relation to the mind of man. Science, i, pp. 267-280. 

ANIMAL intelligence. (Westminster Rev.) Living Age, June 12. 

FABRE, J. H.—Souvenirs entomologiques: études sur Vinstinet et les 

moeurs des insectes. Paris, Delagrave, 1880. 1 vol. 328 pp. 89. 

GALTON, I'.—Mental imagery. (Fortnightly.) Pop. Sc. Month., Nov.; 

Living Age, Oct. 

— — Statistics of mental imagery. Mind, July. 

——— Visualized numerals. J. Anthrop. Inst., x, No. 1, pp. 85-102. 

Linpsay, W. LAUDER—The moral sense in the lower animals. Pop. Se. 
Month., Feb. 

PorTER, Prof. SAMUEL—Is thought possible without language? Case 

of a deafmute. Tr. Anthrop. Soe. Washington, p. 74. 

PREGER, H.—Psychogenesis. Deutsche Rundschau, May. 

PREGER, W.—Psychogenesis in the human infant. Pop. Sc. Month., 

Sept. ; 

St. BONAVENTURE—L*origine des idées. Ann. de philosophie chrétienne, 
Feb. 

V ANDERKINDERE—Histoire des idées et des tendances de la Belgique 

depuis les temps les plus reculés jusqu’a nos jours, basée sur la 

principe de Phérédité. Presse méd. belge, Bruxelles, 1880, 345; 353. 

V.—ETHNOLOGY. 

Acosta, J. DE—The natural and moral history of the Indies. Reprinted 

from the English edition by Edward Grimshaw, 1604, and edited 

with notes and an introduction by Cl. R. Markham. 295 pp.,1 chart. 

8°. London, Hackluyt Society, 1880. 
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D’ALBERTIS, L. M.—New Guinea: What I did and what I saw. 2 vols. 

Sampson, Low & Co. (Reviewed in The Academy, Nov. 20, 1880.) 
AMADA, J.-J. DA StILVA—Ethnologie du Portugal. Rev. @anthrop., pp. 

265-281. 

ARVIENS, P.—Maleisch-Hollandsch-Atjehsche W oordenlijst. Amster- 
dam, de Bussy. 

ARYAS, Discussion sur lorigine des. Bull. Soc. Wanthrop. de Paris, 1879, 
li, pp. 344, 4435. 

AYERST, Rev. W.—The anthropology of the Garos. Ind. Antiquary, 

April. 

BeckwitH, H. W. (Danville, Ill.)—Historic notes on the Northwest, 
gleaned from early authors, old maps and MSS., private and official 

correspondence, and other authentic, though, for the most part, out 
of the way sources. 1 vol. 304 pp., 2 maps and several illustrations. 

No publisher, place, or date. 

BELLEW, H. W.—The races of Afghanistan: being a brief account of 

the principal nations inhabiting that country. Calcutta, Tacker, 

Spink & Co. (Reviewed in The Atheneum, Aug. 7.) 

BELTRAME, G.—Cause della barbarie, da cui fu sempre dominata de 
V Africa, especialmente la parte centrale: Condizione intellettuale 

e morale dei negri. Atti r. Ist. veneto, v, ser. 5, No. 9. 

Birp, ISABELLA L.—Unbeaten tracks in Japan. 2 vols., with map and 

illustrations. London, John Murray, 1580. 
Bonwick, JAMES—Who are the Scotch? London, David Bogue, 1880. 

BRACKETT, ALBERT G.—The Shoshones or Snake Indians, their relig- 
ion, superstitions and manners. Smithson. Rep., 1879, p. 328. 

BRUNNER, D. B. (Reading, Penn.)—The Indians of Berks County, Penn. 

[A series of illustrated articles in one of the Reading papers, to 

be collected in a volume when the series is concluded. | 
CALVERT, F.—Ueber die asiatische Kiiste des Hellespont. Ztschr. f. 

Hthnol., Berlin, 1880, xii, pp. 31-39. 

CopRINGTON, Rev. R. H.—Notes on the customs of Mota, Banks Islands, 
with remarks by the Rev. Lorimer Fison, Fiji. Communicated July 

10, 1879. Royal Society of Victoria (Australia). 8°. 25 pp. Ma- 

son, Firth & M’Cutcheon, Melbourne. 
CoLTEAU, E.—Promenade dans l’Inde et & Ceylon. Paris, Plon et Cie., 

1880. 436 pp., with chart. 18°. 

CREAGH, J.—Armenians, Koords, and Turks. 2 vols. 8°. London, 

Tinsley, 1880. 

DaALLy—Review of Stephen Powers’ work. Rev. d@anthrop., 1880, p. 526. 

DELAPORTE, L.—Voyage au Cambodge. L’architecture Khmer. Paris, 

Delgrave, 1880. 462 pp., 175 dessins, phctogr. et carte. 8°. 

DucARNE, L.—Conférence sur les Zoulous et leur territoire. Bruxelles, 

STO: 30 pp. Se. 

DUNBAR, JOHN B. (Deposit, N. Y.)—The Pawnee Indians; their history 
and ethnology (with text illustrations of exterior and interior of a 

Pawnee lodge). pp. 41. Mag. Am. Hist., April, 1880. 
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DuNBAR, JOHN B.—The Pawnee Indians; their habits and customs 
(with map of Pawnee territory in 1833). pp. 23. Mag. Am. Hist., 

Noy. 1880. 

Sketch of Pitalesharu, head chief of the Pawnees (with portrait 

showing full Pawnee costume). 3 pp. Mag. Am. Hist., Nov., 1880. 

The decrease of the North American Indians. pp. 7. Kansas 

City Rev. (Kansas City, Mo.), Sept., 1880. 

DuRAND—Sur les races de PAveyron. Bull. Soc. @anthrop. de Paris, 
1879, ii, p. 421. 

FickER, A.—Die Reste keltischer Bevolkerung in Mitteleuropa. Statist. 
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of Algiers.) 

De Vinfluence du mariage sur la tendance au suicide. Bull. 

Soc. Wanthrop. de Paris, 1880, pp. 277-295. 

Buppuist (A) family; or, village religious life in India. Theosophist, 

June. 

BURMESE village, Life in a. (Spectator.) Living Age, Oct. 16. 

CHASTITY—Its development and maintenance. Westminster Rev. 

(Am. ed.), 1880, pp. 466-468. 

DUNBAR, J. B.—The decrease of the North American Indians. Kansas 
City Rev., Sept. 

ENFANT (L’) chez les sauvages et chez les civilisés. Rev. britannique, 

Nov. 

HUNUQUES (Les) en Chine. Rev. crit. @histoire, March. 
FIson, Rev. LORIMER—Australian marriage laws. J. Anthrop. Inst., 

ix, No. 4, pp. 354-358. 
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Fison, Rev. LORIMER.—Notes on Fijian burial customs. J. Anthrop. 
Inst., x, No. 2, pp. 137-148. 

Views of primitive marriage. Pop. Sc. Month., June. 

FLOWER, Prof. W. H.—Fashion in deformity. Ul. Pop. Sc. Month., 

Oct. 

Gore, J. HowARD—The development of deliberative government among 
the North American Indians. Tr. Anthrop. Soe. Washington, i, p. 58. 

The old Roman senate; a study of deliberative assemblies. Tr. 

Anthrop. Soc. Washington, 1, p. 9. 

GRELLETY—Le mariage; ses avantages; sa moralité. Hygiene pour 
tous, Paris, 1880, v, No. xv, p. 08. 

Hovueu, M. B. W.—Civilization. Zr. Anthrop. Soc. Washington, i, p. 100. 

Le Bon, G.—L’homme et les sociétés, leur origine et leur histoire, 
Paris, Rothschild. 

LETOURNEAU, CHARLES—La sociologie (apres Vethnographie. Paris, 

Reinwald, 1880. xvi-581 pp. 18°. 

LYLE, D, A. (Lieutenant of Ordnance, Springfield, Mass.)—The Indian 

question. Springfield Sunday Republican, March 7, 1880. 

MIKLUCHO-MACLAY, voN—Geschlechtlicher Umgang mit Madchen 

vor der Geschlechtsreife derselben. Ziéschr. f. Ethnol., Berlin, 1880, 

p. 83. 

Langbeinigkeit der australienischen Frauen. Jbid., p. 89. 

Stellung des Paares beim Coitus und das Ausschleudern des 

Spermas vom Weibe nach demselben. J bid., p. 87. 

Ueber die Mika-Operation in Central-Australien. I bid., 85-87. 

MITCHELL, ARTHUR—The past in the present: What is civilization ? 

Edinburgh, Douglas. (Reviewed in The Atheneum, Aug. 28, 1880.) 

MonraGuk, C.—About kissing. Potter’s Am. Month., Feb. 

Norris, P. W.—Modes of Indian burial. Tr. Anthrop. Soc. Washing- 
ton, i, p. 4. 

PICKERING, W. A.—Chinese secret societies. J. Straits Branch Royal 

Asiatic Soc., iil. 
POWELL, JOHN WESLEY—Wyandotte government. <A short study of 

tribal society, delivered at the Boston meeting of the American 

Association for the Advancement of Science, August 1, 1880, by 

Maj. J. W. Powell, Director Bureau of Ethnology, Washington. [In 

Science, vol. 1, No. 17, New York, Oct. 23, 1880. Reprinted in 

several New York and Boston newspapers and in Cong. Record of 

Feb. 1, 1881.] Zr. Anthrop. Soc. Washington, i, p. 76. 

Rick, L.—The Ganga kings. Madras J. Itt, i. 

Royce, C. C.—The Indian title. The method and chronology of its 

extinguishment by the United States. Tr. Anthrop. Soc. Washing- 

ton, 1, p. 64. 
SPENCER, HERBERT—Ceremonial institutions; being part iv of ‘The 

Principles of Sociology” (the first portion of vol. ii). New York, 

D. Appleton & Co., 1880. 1 vol. 237 pp. 129°. 
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SPENCER, HERBERT.—The development of political institutions. I.— 

Preliminary. Pop. Se. Month., Nov., Dee. 

Descriptive sociology; or groups of sociologian facts, classi- 

fied and arranged by Herbert Spencer. Compiled and abstracted 

by David Dunean, M. A., Professor of Logic, &c., in the Presidency 

College; Richard Scheppig, Ph. D.; and James Collier. Hebrews 
and Phenicians.. Compiled and abstracted by Richard Scheppig, 

Ph. D. New York, D. Appleton & Co. No. 7 of the series. 

WHEELER, J. T.—Peasant life in Bengal. (Maemillan’s) Eclectic Mag., 

Oct. 

YARROW, Henry Crécy—(Smithsonian Institution—Bureau of Ethnol- 

ogy. J. W. Powell, Director.) Introduction to the study of mor- 

tuary customs among the North American Indians. By Dr. H. C. 
Yarrow, Act. Asst. Surg. U. S. A. Washington, Government 
Printing Office, 1880. ix, 114 pp. 4°. 

Burial customs of the North American Indians. Tr. Anthrop. 

Soc. Washington, i, p. 58. [Published in extenso in the author’s vol- 
ume on the mortuary customs of the North American Indians. | 

IX.—DAIMONOLOGY. 

ANDERSON, Rasmus b.—Teutonic mythology. Am. Antiquarian, ii, 

No.4. [Professor Anderson conducts the department of Pre-Colum- 

bian History in the American Antiquarian.| 

BAu¥Four, F. H.—The flower-fairies. China Rev., March, April. 

Bau, V.—Wolf-reared children. (Extracted from “ Jungle Life in In- 
dia”, p. 454 et seq.) J. Anthrop. Inst. ix, No. 4, pp. 465-474. 

BartTH, H.—Les religions de ’Inde. Paris, Fischbacher, 1880. 180 pp. 

8°. 

BASTIAN, ADOLF—Die heilige Sage der Polynesier. Kosmogonie und 

Theogonie. Leipzig, F. A. Brockhaus, 1881. 8°. (Preface dated 

Berlin, Noy., 1880.) xii-302 pp. (Reviewed in the Nation, April, 

1881, No. 825.) 

BoscawEN, W.—Notes on Assyrian religion and mythology. Tr. Soe. 

Biblical Archeology, vi, p. 2. 

Bupen, A.—Assyrian incantations to fire and water. Tr. Soc. Biblical 
Archeology, vi, p. 2. 

CHARENCY, M. pE—Ages cosmiques d’aprés la mythologie mexicaine. 

Ann. de philosophie chrétienne, Nov., i, 15 pp. 
CHEVRIER, EDMoND—De la religion des peuples qui ont habité la Gaule, 

Suivi des monuments mégalithiques en Gaule. Bourg, Authier et 

Barbier, 1880. 80 pp. 8°. 

Cox, G. W.—The migration of popular stories. (Fraser’s Mag.) Eclectic, 
Sept. 

Homeric mythology and religion. A reply to Mr. Gladstone. 

Frazer’s Mag., Dec. | 
——— Forms of salutations. Hclectic Mag., Jan. 
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DorsEyY, Rev. J. OWEN—The rabbit and the grasshopper; an Otoe myth. 

Am. Antiquarian, iii, No. 1. 

DuBNIDON, P.—Le culte des morts et les cimetiéres. Rev. occidentale, 

Jan. 

Dyer, T. F. THtseELTON—The moon and its folk-lore. Gentleman’s 

Mag., Aug. 

FoLk-SonGs, Venetian. Cornhill Mag., Oct. 

GARDNER, W. H.—A flock of mythological crows. Pop. Sc. Month., 

Nov. 

GASTER, Dr.—Jewish and comparative folk-lore. Monatsschr. f. 

Gesellsch. d. Judenthums, Jan. 

GaTscHET, A. S.—Superstitions. Tr. Anthrop. Soc. Washington, 1, p. 

103. 
The four creations of mankind. A Tualatimyth. Zr. Anthrop. 

Soc. Washington, i, p. 60. 

Gommr, G. L.—Folk-lore and the Folk-lore Society. Antiquary, Jan. 

GuyAn, M.—De Vorigine des religions. Rev. philosophique, Dee. 

HorrMann, W.—Russian superstitions. Penn Month., Jan. 

JOLY, J.—The origin of Norse mythology. Academy, Jan. 24. 

KyiGcuron, W.—Demoniacal possessions in India. Nineteenth Century, 

Oct. 

LECLERC, B.—Histoire de la divination dans Vantiquité. Fev. crit. 

WVhistoire, Dee. 

LEGG, JAMES—The sacred books of China. The texts of Confucianism. 

Part i. Oxford, Clarendon press. (Reviewed in The Athenceum, 

Sept. 18, 1880.) 
LuQuIENs, J.—The Avesta and the storm myth. New Englander, Sept. 

McOuinrock, LerrrrA—Beasts, birds, and insects in Irish folk-lore. 

Eclectic Mag., Jan., from Belgravia. 

Macur, G.—Culte de Sinto. Philos. positive rev., Sept.-Oct. 

MALLERY, GARRICK—Comparative mythology of the two Indies. Tr, 

Anthrop. Soc. Washington, i, p. 12. 

Mayers, W. F'.—On the stone figures at Chinese tombs and offering of 

living sacrifices. J. N. China Branch Koy. Asiatie Soe., xii. 

Mutter, F. MAx—The sacred books of the East. Vol. i. The Upa- 

nishads. Oxford, Clarendon Press. (Reviewed in The Atheneum, 

Aug. 14, 1880. For a review of subsequent volumes, see Nature, 

July 1.) 

NuBIAN races. Pop. Sc. Month., Aug. 

PIETREMENT, C. A.—Les chevaux de PAvesta et le myth de Tistrya. 

Rev. linguistique, July. 

PowELL, JoHN WESLEY—Mythologic philosophy. An address by John 

W. Powell, vice-president, before the American Association for the 

Advancement of Science, at Saratoga, N. Y., August, 1879. (Re- 

printed from vol. xxviii of the Proceedings of the American Asso- 

ciation for the Advancement of Science.) Salem, printed at the 

Salem Press, 1880. 30 pp. 89°. 



432 ANTHROPOLOGY. 

REHETSEK, E.—Oriental folk-lore. Calcutta Rev., April. 

ReENOvF, P. LE PAGE—The origin and growth of religion as illustrated 

by the religion of ancient Egypt. (The Hibbert Lectures for 1874.) 

New York, Ch. Seribner’s Sons, 1880. 1 vol. 270 pp. 12°. 

Ruys Davips (T. W.)—Buddhist birth stories; or, Jataka tales. Vol. 

i. Lrubner: 

R1CCARDI, Dr. PAOLO—Atheism, fetichism, and anthropomorphism, 

Studies in the science of religion. Arch. p. Vantrop., Florence, x, No. 

1, 1880. 
Rices, Rev. STEPHEN R.—The theogony of the Sioux. Am. Antiquarian, 

li, No. 4. 
SmitH, W. R.—Animal worship and animal tribes among the Arabs in 

the Old Testament. J. Philology, xvii. 

SoucHE, B.—Croyances, présages et traditions diverses. Niort, 1880. 
pp. 52. 8°. 

WALHOUSE, M.—Rag bushes in the East. Indian Antiquary, June. 

WESTROPP, HODDER M.—Notes on fetichism. J. Anthrop. Inst., ix, No. 
3, pp. 804-512. 

X.—INSTRUMENTALITIES OF RESEARCH. 

AMERICAN ASSOCIATION. Science, i, pp. 42-290, occasionally. <A list 

of the papers will be found in the Am. Naturalist for October. 

(The meeting at Boston was the largest ever held. The papers, 

a list of which is given below, were exceptionally valuable. The 

president’s address will be found recorded under the name of Maj. 

J. W. Powell.] 

1. Ethnology of Africa. A. S. Bickmore. 

. Myths and folk-lore of the Iroquois. Erminnie A. Smith. 

. Prehistoric altars of Whitesides County, Ill. W.C. Holbrook. 
Theory of primitive democracy in the Alps. D. W. Ross. 

Ancient mounds near Naples, Ill. J. G. Henderson. 
The mounds of Illinois. Wm. McAdams. 

Prehistoric and early types of Japanese pottery. E.'S. Morse. 

. Scheme of the tenth census for obtaining statistics of untaxed 

Indians. Garrick Mallery. 

. Stone implements from the river drift of New Jersey. C. C. 

Abbott. 

. Indications of pre-Indian occupancy of the Atlantic coast of 

North America subsequent to that of paleolithic man. C. 

C. Abbott. 

11. The probable existence in America of the prehistoric practice 

of trepanning in the cutting of rondelles or amulets from 

the skull. R. J. Farquharson. 

12. The Dacotah tribes. Gen. H. B. Carrington. 

13. Textile fabrics of the ancient inhabitants of the Mississippi 

Valley. J. G. Henderson. 
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AMERICAN ASSOCIATION—Continued. 

14. 

te Has 

iG: 

17. 

36. 

Engraved tablet from a mound in Ohio. W. J. Knowlton. 

Japanese caves. E. 8S. Morse. 

Ancient agricultural implements of stone. Wm. McAdams. 

Alabaster quarries, flint mines, and other antiquities of Mam- 

moth, Wyandot, and Luray caverns. H.C. Hovey. 

. The classification of kindred by the North American Indians. 

J. W. Powell. 

. On the Iroquois languages. Erminnie A. Smith. 

. On the rank of the Indian languages. J. W. Powell. 

. Remarks on the mound-builders. J. F. Everhart. 

. Contemporaneous existence of mastodon and man in America. 

R. J. Farquharson. 

. Conventionalism in ornamentation of ancient American pot- 

tery. F. W. Putnam. 

. On the oceurrence in New England of carvings by the Indians 

of the northwest coast of America. FF. W. Putnam. 

. Sign-language and pantomimic dances among North American 

Indians. J. G. Henderson. 

. The topographical survey of the works at Aztalan, Wis. 8S. D. 

Peet. 

. The military system of the emblematic mound-builders. S. 

D. Peet. 

. Improved stereograph for delineating the outlines of crania. 

A.S. Bickmore. 

. Feeling and function as factors in human development. Les- 

ter F. Ward. 

. The uses of the “‘chungkee-stone.” Alfred M. Mayer. 

. Relation of the archeology of Vermont to that of the adjacent 

States. Geo. H. Perkins. 

. Exhibition of some gambling games of the Iroquois. Ermin- 

nie A. Smith. 

. Parturition in a kneeling posture as practiced by the women. 

of the mound-building and stone-grave peoples. C. Foster 

Williams. 

. The antiquity of man in Eastern America geologically con- 

sidered. Henry C. Lewis. 

A comparison between the shells of Kjékkenméddings and 

present forms of the same species. E. 8S. Morse. 

Antiquities of Onondaga County, N. Y. -W. M. Beauchamp. 

ANTHROPOLOGICAL Institute of Great Britain and Ireland—Published 

vol. ix, No.3 & 4; x, No.1 & 2. 
ANTHROPOLOGICAL Society of Washington—Science, i, pp. 202; 262; 

286. (A. volume entitled “Abstracts of transactions of the Anthro- 
pological Society of Washington, D. C.,” with the annual address 
of the president, for the first year, ending Jan. 20, 1880, and for 

the second year, ending Dee. 31, 1880.) 
S. Mis. 31 28 ¢ 
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ANTIQUARY—A magazine devoted to the study of the past. Edited by 

Edward Walford. J. W. Bouton, N. Y. 
ANTROPOLOGICHESKAJA vistavka, 1879, go goda. (Anthropological 

Exposition at Moscow in 1879.) Moskva, 1879. 

ARCH ZOLOGICAL Institute of America—First annual report of the ex- 
ecutive committee, with accompanying papers, 187980. Presented 

at the annual meeting of the institute, Boston, May 15, 1880. Cam- 
bridge. John Wilson & Son, 1880. Ivol. 163 pp. 8°. [Communica- 
tions should be addressed to Mr. E. H. Greenleaf, Museum of Fine 

Arts, Boston, Mass. See MorGaAn.] 
ARCHAOLOGY and Ethnology, American. Science, i, p. 7. 
Arcuiv fiir Anthropologie, Brnschwg., i-xii, 1866-79. 

ARCHIVIO per lantropologia e la etnologia, i-ix, 1871-80. 

AUSTRIAN Society of Anthropology and Prehistory—[In the first 

number of Mitth. d. Anthrop. Gesellsch, ii Wien, published April 

27, 1880, Dr. M. Much gives a detailed account of the meeting of 
Austrian anthropologists which took place July 28 and 29, 1879, 

at Laibach, in Austria. Among the subjects discussed were grave- 

mounds, pottery, craniometry, lake-dwellings, and ethnography. 

The subsequent numbers of the Mittheilungen treat of craniometry, 

cephalometry, mythology, ethnography, archeology. | 

BARBER, E. A.—(Conducts the department of anthropological news in 

the Am. Antiquarian.) 

BiTarD, A.—Les races humaines et les grandes explorations du globe. 

Rouen, Megard et Cie., 1880. 1 vol. 392 pp. 4°. 

BoEHMER, GEORGE H.—Index to papers on anthropology published by 

the Smithsonian, 1847~78. Smithson. Rep., 1879, pp. 476-483. 

BRITISH Association, 1879. The report of the Sheftield meeting, pub- 

lished in 1880, contains the presidential addresses in full, and ab- 
stracts of all anthropological papers read. 

Broca, PAuL—(Biographical notices in many journals. See a list in 

Index Medicus, iii, p. 57.) 
—— biography and complete bibliography. Rev. danthrop., Oct., 

1880. 

Busack—Auszug aus dem Catalog der Sammlung der Alterthums- 

gesellschaft Preussens. Arch. f. Anthrop., 1879, xii, pp. 75-89. 
BULLETINS de la Société Wanthropologie de Paris. Vol. i-vi, 1860-65. 

2d series, i-xii, 1866~77; 3d series, i-iii, 187880. 20 vols. 8°. 
Paris, 1860-80. 

CALLAMAND—Review of German anthropology. Rev. @anthrop., 1880, 

pp. 175-186. See, also, p. 687. 

CoLLINEAU—Review of French anthropology. Rev. Wanthrop., 1880, 

pp. 124-131. 

CONGRES international des sciences anthropologiques. In connection 

with the Exposition at Paris in 1878 was held the “‘Congrés interna-- 

tienal des sciences anthropologiques.” The superb collections of 
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CONGRES international des sciences anthropologiques, (continued.) 

specimens illustrating every department of anthropology added 

very much to the interest and value of the papers read. These com- 

munications were collected and published in a volume bearing the 

name of the Congres. Paris, 1880. Their titles will be found below 
(From the Am. Naturalist, April, 1851, pp. 831-332.) 

AMEGHINO, F’.—L’homme préhistorique dans le bassin de La Plata, 
pp. 341-350. 

BATAILLARD, P.—Historique et préliminaires de la question de 
Vimportation du bronze dans le nord et Voccident de ’ Europe 
par les Tsiganes, pp. 153-166. 

BEDDOE, J.—Sur quelques cranes dun vieux cimetiere de Bristol, 
pp. 283-285. 

BENEDIKT, M.—Sur les cerveaux des criminels, pp. 141-148. 
BORDIER—Rapport sur Vethnologie de l’ Asie orientale, de Afrique, 

et de ’Océanie, pp. 39-47. 
CAPELLINI, G.—Incisions sur des os de cétacés tertiaires, pp. 

224-254, 
CARTAILHAC, E.—Rapport sur la paléo-ethnologie ; période Roben- 

hanusienne ou de la pierre polie, pp. 51-956. 
Cuit—Mémoire snr Vorigine des Guanches ou habitants primitifs 

des iles Canaries, pp. 167-220. 
D’Acy, E.—Notes sur les patines des silex taillés des alluvions de 

Saint-Acheul, et sur Vordre de leurs superpositions, pp. 234-237. 
DALEAU, F.—Notice sur les stations préhistoriques de Vétang de 

Laecanau, arrondissement de Bordeaux (Gironde), pp. 3851-354. 
Dupont, E.—Sur les Nutons, pp. 124-126. 
GIRARD DE RIALLE—Rapport sur Vethnologie de V’Europe, de 

VAsie occidentale, et de VAmérique, pp. 39-39. 
HOVELACQUE, A.—Les races infcrieures, pp. 264-266. 
JACQUINOT, H., & P. Usquin—Le nécropole de Pougues les- 

~ aux (Niévre); derniers temps de Page du bronze, pp. 238-250. 
LATTEUX—Proccdé pour obtenir des coupes rigoureusement trans- 

versales du cheveu, pp. 98-105. 
Le Bon, G.—Recherches anatomiques et mathématiques sur les 

variations de volume du crane, pp. 72-75. 
MaAurEL, E.—Etude anthropologique sur les immigrants indiens 

a la Guyane francaise, pp. 75-98. 
MorTILLET, G. DE—Découverte de ?PAmérique aux temps pé- 

historiques, pp. 267-275. 
PAGLIANI, L.—Etudes anthropométriques, pp. 62-72. 
RicHARD—Sur des découveries de silex taillés dans le Sahara 

africain, en Egypte et en Palestine, au tombeau de Josué, ete., 
pp. 278-282. 

RoyeER, Mme. C.—Des rapports des proportions du crane avec celles 
du corps, et des caractéeres correlatifs et évolutifs en taxonomie 
humaine, pp. 105-119. 

——— Mémoire sur Vorigine des Aryas et leurs migrations, pp. 
304-333. 

ScumiptT, V.—De Vage de bronze en Europe et notamment en 
Scandinavie, pp. 285-288. 

Soucui—Une sépulture de Vépoque Robenhausienne, ou de la 
pierre polie, 2 Pamproux (Deux-Sevres), pp. 336-340. 

Tuomas, P.—Recherches sur les sépultures anciennes des environs 
d’Ain-el-Bey [near Constantine, Algeria], pp. 358-385. 
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ConGRES international des sciences anthropologiques, (continued.) 
TOPINARD, P.—De Vunification des méthodes craniométriques et en 

particulier de cubage des cranes et du plan alvéolo-condylien, 
pp. 155-144. 

tapport sur Vanthropologie anatomique, biologique, et 
pathologique, pp. 29-35. 

UsFALVY, C. E. DE—Quelques observations sommaires sur les races 
en Asie centrale, pp. 126-135. 

ZABAROWSKI, 8S.—Des monuments préhistoriques de la basse Vis- 
tule, pp. 259-264. 

ZAWISZA, J.—Sur la caverne du mammouth (en Pologne), pp. 
220-222. 

ZEBALLOS, E. 8.—Note sur un tumulus préhistorique de Buénos- 
Ayres, pp. 148-153. 

CONGRESS of anthropology and prehistoric archeology, International, 

at Lisbon, 20-29th September, 1880. Rev. @anthrop., 1880, p. 370. 

CoTTrEAU—Les sciences anthropologiques 4 Exposition universelle de 

1878. Auxerre, 1879. 

DALLy, Dr.—De la place de Vanthropologie dans les sciences. ev. 

Vanthrop., 1880, pp. 414-423. 

DAVIS, CHARLES H. 8.—Index of articles on archeology, anthropology, 

and ethnology. Am. Antiquarian, li, No. 3, p. 239. 

Ecoir danthropologie—Course of study. Rev. Wanthrop., 1880, pp. 

188-369. 

EINLEITUNG zur Beschickung der Ausstellung anthropologischer und 

vorgeschichtlicher Freunde Deutschlands. Ztschr. f. Ethnol., Ber- 
lin, 1880, xii, pp. 69-78. 

ErTHno.toey, American. Science i, p. 17. 

FRENCH Association, session of 1880. Rev. @anthrop., 1880, pp. 370-568. 

Horr, W. BAINBRIDGE—A strange chart. Tr. Anthrop. Soc. Wash- 
ington, i, p. 03. 

IxnvEXx MEpDIcUS—A monthly classified record of the current medical 

literature of the world. Compiled under the supervision of Dr. 

John S. Billings, Surgeon, U.S. A., and Dr. Robert Fletcher, M. 

R. C. 8. Eng. Vol. Il. New York, F. Leypoldt, 1880. 

[In the Index-Catalogue of the Library of the Surgeon-General’s 

Office, United States Army, the first volume of which has appeared 

(A—Berlinski) in sm. 4°, 888 pp., will be found, under the word 

Anthropology, a most valuable collection of the titles of journals 

and papers. | : 
IssAURAT—Review of Italian anthropology. Rev. @anthrop., 1880, pp. 

135-137. See, also, 509. 
JONES, C. C., jr.—Hernando de Soto. [The adventures encountered 

and the route pursued by the adelantado during his march through 

Georgia.| Savannah, Ga., 1880. 8°. 

JOURNAL of the Anthropological Institute of Great Britain and Ire- 

land. Vols. i-ix. London, 1871-80. 

Kant, E.—Anthropology. J. Speculative Philos., July. 
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Kunrr—Review of Russian anthropology. Rev. Wanthrop., 1880, pp. 

158-164; other reviews id., pp. 347-349. 

LABORATORY of anthropology of the Ecole des hautes études. Kev. 

Vanthrop., 1880, p. 568. 

LAGNEAU, G.—France: Anthropologie. Dict. encycl. d. se. méd., Paris, 

1STOS AMC Siive 00851 Veil Da40- 

LANG, Joun C.—Ancient maps of North America. Tr. Anthrop. Soc. 

Washington, i, p. 25. 

LEebon, Gustav—Review of Russian anthropology. ev. Vanthrop., 

1880, pp. 165-169. 

LEFEVRE, A.—Reviews of anthropological works. Rev. Wanthrop., 1880, 

p. 324. 

LETroURNEAU—Review of Italian anthropology. Rev. Wanthrop., 1559, 

pp. 132-134. i 

ManovvrieR, L.—Reviews of Italian anthropology. Rev. @anthrop., 

1880, pp. 835-344. Scapular index, id., pp. 500-500. French an- 

thropology, pp. 532-538. Italian, pp. 239-442, 702. 

MartinEr, Lupovic—Review of anthropology in Italy. Lev. Van- 

throp., 1880, p. 102. Matériaux pour Vhistoire de Vhomme, td., p 

286. See, also, pp. 303; 518. 

Mason, Oris T.—Anthropological investigations during the year 1879. 

Smithson. Rep., 1879, pp. 449-475. 

Summary of correspondence of the Smithsonian Institution 

previous to Jan. 1, 1880, in answer to Circular No. 316. Smithson. 

Rep., 1879, pp. 428-448. 

Sketch of North American anthropology in 1879. Am. Natu- 

ralist, May. 

Notes on anthropology. With bibliography. Am. Naturalist, 

Jan.—Dee., 1880. 

MITTHEILUNGEN der Anthropologischen Gesellschaft in Wien. Vol. 

i-ix, 1871-80. 

Mucu, M.—Bericht iiber die Versammlung 6sterreichischer Anthropo- 

logen und Urgeschichtsforscher am 28. und 29. Juli 1879, zu Lai- 

bach. Mitth. d. Anthrop. Gesellsch. in Wien, 1880, x, pp. 1-5. 

Museum of Natural History, Paris. Courses of study and conferences 

on anthropology. Rev. @anthrop., 1880, pp. 369. 

Mycrenaz:. Compte rendu de la Commission impériale archcologique 

pour Vannée 1877. (St. Petersburg.) Mykenai, ein kritische 

Untersuchung der Schliemannschen Alterthiimer untere Verglet- 

chung russischer Funde. Von Ernst Schultze. (St. Petersburg ) 

(Reviewed in The Atheneum, Aug. 21, 1830.) 

Norron, C. E. (Cambridge, Mass.)—See first annual report of the 

Archeological Institute of America. 

PEABODY Museum. ‘Twelfth and thirteenth annual reports of the trus- 

tees of the Peabody Museum of American Archeology and Ethnol- 
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PEABODY Museum, (continued.) 

ogy, presented to the President and Fellows of Harvard College, 

April, 1880. Vol. Il. Nos. 3,4. Cambridge, 1880. 

[The contents of this volume are distributed among the names of 

their authors. | 

PETERMANN’S Mittheilungen—[Kach number ef this standard journal 

furnishes several pages of geographical bibliography. The works 

mentioned, especially those under Asia, Africa, Polynesia, and 

America, frequently contain exceedingly valuable chapters upon 

the aborigines of the regions explored. | | 

POWELL, J. W.—On the limitations to the use of some anthropologi- 

eal data: annual address of the President of the Washington An- 

thropological Society. Tr. Anthrop. Soc. Washington, i, p. 113. 

Pozzi, Dr.—Paul Broca. Biographie et bibliographie. Rev. dWan- 

throp., 1880, pp. 577-609. 

Sketch of Lewis H. Morgan. Pop. Se. Month., Nov. 

PULLIGNY, VTE. DE—Lecture a la Sorbonne, section Warchéologie. 
Projet de vulgarisation des sciences préhistorique et géologique 

dans les écoles communales. pp. 12. 8°. 1880. 

Recius, Exvishe—Nouvelle géographie universelle. La terre et les 

hommes. Tome V. L’Europe scandinave et russe. Paris, Ha- 

chette et Cie., 1880. iv—944 pp., cartes et dessins. 8°. 

REVUE @anthropologie—Paris, France. Published vol. ii, 2d series, 

Nos. 1-4. . 
LXEVUE de VHistoire des religions, publiée sous la direction de M. Mau- 

rice Vernes avec le concours de MM. A. Barth, A. Bouche-Leclereq, 

P. Decharme, 8S. Guyard, G. Maspero, and C. P. Tiele (of Leyden). 

Premiere année, tome ii, No. 5, Sept., Oct. Paris, Ernest Leroux, 
editeur, 1880. (Annales du Musée Guimet.) The Review is purely 

historical, excluding everything of a polemic or dogmatic character. 

A very excellent bibliography is appended to each number. 

RHEES, WM. J.—Visitors’ guide to the Smithsonian Institution and 
National Museum. (Contains much valuable information relative 

to the national collections.) 

RIBEIRO, CARLOS—Programme of the Congrés international d’anthro- 

pologie et Varchéologie préhistoriques. Ninth meeting at Lisbon, 

1880, Sept. 20-29. 

SABIN, JOSEPH—A dictionary of books relating to America. Parts 60- 

70. Joseph Sabine & Sons, New York. 

Scumip?, Dr. Emr_—Mittheilungen aus der anthropologischen Lite- 

ratur Amerikas. (Brochure from Archiv fiir Anthropologie.) 

SMILHSONIAN Contributions to Knowledge. Vol. xxii contains the fol- 

lowing memoirs: 

Antiquities of Tennessee, by Joseph Jones. 

Sculptures of Santa Lucia, 8S. Habel. 

Archeological Collections of the National Museum, by Charles Rau. 
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SMITHSONIAN Contributions to Knowledge, (continued.) 
The Palenque tablet, Charles Rau. 
Remains of man in the Aleutian Islands, by W. H. Dall. 

SociETE Wanthropologie. Bureau for 1880. Rev. Wanthrop., 1880. p. 

ST: 

VArSs—Review of German anthropology. Rev. @anthrop., 1880, pp. 170- 

174. 

Wrrovusnorr, G.—A propos d’anthropologie. Philos. positive rev. 

Sept., Oct. 
ZABAROWSKI, M.—Review of anthropological literature in Poland, 

France, and Portugal. Rev. @anthrop., 1880, pp. 90; 104; 109. See, 
also, pp. 320; 366; 506; 678; 713. 





ABSTRACTS OF THE SMITHSONIAN CORRESPONDENCE RELA- 
TIVE TO ABORIGINAL REMAINS IN THE UNITED STATES. 

By Otis T. Mason. 

Very important information relative to the antiquities of our coun- 

try continues to appear in the correspondence of the Smithsonian In- 

stitution in response to Circular No. 516, That which relates to relics 

is preserved by Professor Charles Rau. It only remains, therefore, here 

to collect and publish that which refers to the permanent remains of 

the country, such as shell-heaps, mounds, circumvallations, pueblos, 

&e. The diligence and care with which the locations and characteris- 

tics of such structures are marked and preserved by the intelligent na- 

tions of the Old World should be an example to us with reference to 

our own country. Very few persons realize the preciousness of such a 

statement as “There are no ancient remains whatever in my county,’ 

or “There are shell-heaps, mounds, or ancient earth-walls in such a 

place.” It is designed by the Institution, when the permanent work on 

archeology is published, to have no blank spaces whatever; but to be 

able to give an intelligent account of every county and even every town- 

ship in the United States. 

BARNARD, D. Mentions an old graveyard near San Buenaventura, Cal., 

where, under large flat bowlders, lay skeletons with chipped imple- 

ments, beads, mica crucibles, red paint, mortars and pestles, and vases 

or UrDS. 
BILLINGS, MELVIN. Sends to the institution specimens from mounds 

and graves near Marion Centre, Kans. Among them was a tablet 

found 8 feet below the surface, on the second bottom, beneath a de- 
posit of clay, surrounded by about a bushel of ashes, shells, and broken 

pottery. 

Brace, A. L. Has forwarded description and drawing of a flint flake 

found in an excavation 3 feet under the surface in a yellow bed of 

clay, at Amazonia, Andrew County, Missouri. The implement is 145 

inches long, 54 inches wide, and 1 inch thick in the widest part. Mr. 
Brace also describes other implements in his possession. 

BusH, Miss JENNIE R. Gives notice of the destruction of the museum 

of the California State normal school, February 10, 1880; also an ac- 
441 
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count of a collection of stone implements from Coyote and Guadaloupe 

Rivers, California. [The Smithsonian Institution is in receipt of let- 
ters constantly, giving account of the destruction of valuable collec- 

tions by fire. It has been the policy of the Institution to foster private 

and local museums in every possible way; but it is an irreparable loss 

to science when a large and unique collection is thus destroyed. | 

CHASE, ALEX. W. Mentions the site of a large buried village of stone 

houses on the mill-site of the Grand Central mine, near Tombstone, 
Ariz. In one house were seven skeletons, one of which had on the 

wrist a bracelet of ivory or bone beads. In one of the houses were 

found stone tools, mortars, &e. 

Ciick, THoMAS M. Reports that there are many ruins in Colorado, 
near Dolores, in La Plata County. The largest seen by the writer is 

situated on Animas River, in Taos County, New Mexico. The build- 
ings are in groups. Two of the largest were five stories high, each 

about 100 to 120 yards square, built of stone and adobe mortar. The 

walls at the base are 3 feet thick, with small openings or windows 6 

feet above ground to admit air, but not large enough to allow a man 

to pass through them. The floors were constructed by laying large 

cedar logs across the wall for joists, and by covering these with cedar 

splits and mud. The buildings stand in or near the centre of what 

was a town or village. The other houses were much smaller and built 

of small bowlders and mud. There are no cedars in the region at pres- 

ent so long and so large as those in the houses. Many remains of 

cliff-houses are found on the bluffs, some on the Dolores River, in La 
Plata County. They are built of sandstone and mud. Pottery, ar- 

row-heads, corn-cobs, charcoal, stone axes and hammers, and skele- 

tons have been found in these ruins. The burying-grounds are gen- 

erally laid out in a regular manner, the bodies being placed with the 

head to the west. Two skeletons were unearthed on the Rio Mancos, 

near Mancos P. O., La Plata County, that were lying one across the 

other, with an earthen jar under the head of each. 
Conway, JoHN W. Describes a visit to the %ld abandoned pueblo of 

Cuyamanque, which was one of the first built in New Mexico. The 

ruins are about four miles below the pueblo of Tesuque, on the west 

bank of the same river. This pueblo was destroyed in 1697, by Gen- 

eral Diego de Vargas. Tesuque, Cuyamanque, Pojuaque, Nambe, San 

Ildefonso, Santa Clara, and San Juan had raised an insurrection, and 

collected together on a high mesa to fight the Spanish forces. They 

were completely routed, being driven across the Rio Grande, either 
to the cliff-houses on the west side of the Ildefonso, or over towards 
the Navajos country. The pueblos of Cuyamanque, Pojuaque, and 

Nambe were destroyed by General Vargas. Twenty years afterwards 

the Indians were brought back to their old dwellings, excepting those 

of Cuyamanque, who were scattered among the other pueblos. Dig- 

ging around this ruin, Mr. Conway discovered specimens of painted 

pottery, and stone implements. 



ABORIGINAL REMAINS IN THE UNITED STATES. 443 

CusHineG, F. H. Gives information that ancient excavations, supposed 

to be turquoise and jade mines, near Zuni, N. Mex., turn out to be 

quarries of sacred paint. The principal source of supply for these 

precious stones lay across the Rio Grande, far north toward Santa Fé. 

The Zuni myth to account for those stones, as well as for a peculiar 
black bead which they highly prize, and for salt, is as follows: Cen- 

turies ago there was a great cacique who lived in the Sierra Azul, 

north of San Mateo. Wherever he urinated, the drops became beau- 

tiful blue and green stones. When the Zunis Aconutes came to know 

of this they encamped so thickly around the cacique that the stench 

drove him away west on the Zuni Mountains, where he stopped to 

make water; but he was in such haste that the stones formed were not 

pure chalchiuite. This side the mountain he met the woman whose 

urine was transformed into salt. He settled down with her a mile or 

two east of Zuni; but again fled in anger from his house, around which 

the people flocked. This time he went south to the desert, and there 
lived with his wife, her urine forming the lake of salt (“Salina”), which 
is to-day the source of supply to the Indians. The woman becoming 

angry with the cacique, drove him into a cave in the White Mountains 
of Arizona, whence he disappeared forever. Since then, a strong 

wind has blown from the cave sufficient to extinguish the torches. 

Nevertheless, the people felt their way in through the darkness, and 
found the precious stones. On this account a part of them were turned 

black, and large flies were caused to live about the place in summer. 

The people, however, have persisted in going there, and found among 

other things the discolored beads worn by the Zunis. At this place, 

the cacique’s urine was changed into perfectly finished and drilled 

stone, and in that condition they are still found. The cave in ques- 

tion is like that of Silver City, and identical in use with the sacred 

dance cave of Zuni, where paraphernalia are placed, and costly saeri- 

fices of chalchiuites are now made. 

Dover, THOMAS. Describes frog pipe and charred cloth from a mound 

in Butler County, Ohio. 

EARHART, JOHNS. Witnessed the demolition of a mound caused by the 
construction of the Cincinnati, Hamilton and Dayton Railroad, one mile 

south of Post Town station, and two miles north of Middletown, Butler 

County, Ohio. The mound was in the level plain of the first bottom 
land of the Miami River, 30 feet in base diameter, and 15 feet high. 

Two-thirds of the mass were removed 5 feet below the original surface. 

In the centre, rolls of textile fabric were found, varying from the fine- 

ness of three-ply carpet to the coarseness of a gunny bag, and pre- 

served in shape by the moisture of the earth. These rolls were 6 

inches in diameter at first, but were much broken by removal, and in 

coming in contact with the air were wafted away by the slightest 

breeze. Specimens were preserved by hermetically sealing them, 

while damp, between pieces of glass. A spear-head, 8 inches long 
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and 2 inches wide, was also unearthed. On further examination 
among the burnt clay and charcoal, a few bones of a human hand 

were recovered. 

Eaton, D. H. Reports the collection of antiquities from Bridgewater, 

Mass. 

Evans, W. W. At Pompeii, Italy, discovered by actual measure- 

ment that the gauge of the ancient chariots was nearly that of our 

modern wagons, viz, about 4 feet 9 inches. He also believes from 

the charred condition of window and-door jambs that Herculaneum 

and Pompeii were overwhelmed in about half an hour; one by a river 

of lava, and the other by a shower of ashes and stone. 

EVERHART, J. FE. Reports a mound in Brush Creek Township, Mus- 

kingum County, Ohio; trees, apparently in rows, and arranged quin- 

cuncially were growing on the mound. Just below the trees was a 

stone wall. Across the south end a pavement of loose stones extended, 

and one of flagging occupied the middle, on which were ashes and 

bones of man and of animals. In the mound were found skeletons of 

great length. 

Harris, Geo. H. Finds a rich field of antiquarian research in the 
ridges running through the counties bordering on the south shore of 

Lake Ontario. 

HENDERSON, J. G. Has made excavations in Naples mounds, Illinois. 
Full report in preparation. 

JONES, GEORGE ©. Describes a ploughed field near Brookfield Centre, 

Conn., in which a great number of flint chips and small arrow-heads 

of white quartz and feldspar were found. The material from which 

these were made was brought from a great distance. A quarter of a 

mile from this field a mound 15 feet long, 12 feet wide, and 5 feet high 

was discovered; but on opening it, Mr. Jones found no remains. A 

ceremonial axe was dug up near Brookfield, in a swamp. 

KERNE, Lieut. L. M. Sends an arrow-head from the old French fort on 

the bank of the Beaufort River, near Port Royal, 8. C. ‘This fort was 

built by the expedition that landed at Port Royal in 1562, under Jean 

Ribault. 

LARMOUR, J. J. Reports a great many small mounds in the neighbor- 

hood of Battle Creek, Michigan; but few contain any bones. Some 
have been explored. 

Lockb, W.M. Describes a group of small mounds near Marshall’s Ferry, 

White County, Illinois, situated on the highest point of land. The larg- 

est is 15 feet high and 35 to 40 feet in base diameter. Within the 

mounds were slab graves, containing the bones of children. Mr. Locke 

also found pots which contained small human bones. In one large 

cist the remains of an adult female were discovered. Drawings of 

pottery and relics accompany the letter. 

Lovn, A.C. Mentions a group of unexplored earthworks in Ascension 

Parish, La. 
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Low, CHARLES F. Reports upon the explorations at Madisonville, Ohio, 

mentioned by Dr. Metz, having exhumed 370 skeletons and explored 

175 ash-pits. 

MACLEAN, J. P. Mentions several pieces of cloth from a mound in 

Butler County, Ohio. 
Metz, C. L. Reports the opening of twenty-five circular pits in a ceme- 

tery near Madisonville, Ohio, containing ashes, animal remains, im- 
plements of flint, stone, and bone. The depth of the pits, from 4 to 6 

feet; the width, 3 feet; the sides and bottom show no evidence of fire. 

Some contain likewise large sherds of pottery and unio shells. The 

contents are usually as follows: One to three feet ashes, containing 

bone, flint, and some stone implements, with sherds of pottery and 

animal remains. Above this is a heavy layer of clay loam, 1 to 4 feet 

thick. None of the implements show the action of fire, many fine 

bone awls having been found; nor are the animal remains charred at 

all. A few burnt bones were probably thrown in with the ashes. 

(Detailed reports, in the Journal of the Cincinnati Society of Natural 

History, vol. iii, pp. 40-68; 128-139 ; 203-220.) 

Morean, B. Describes the Des Moines Valley as rich in mounds and 
relics. He has excavated more than one hundred works in different 

parts of the State. From these have been collected stone implements 

and pottery. In some of the works examined there are indications of 

greatage. The writer, has opened mounds near Richland, Lowa, meas- 

uring 250 feet in base circumference and 2 feet in height. Ata depth 

of about 20 inches pottery was found, some of the vessels very large 

and shaped like a common dinner pot. Around the rim frequently 

occurs a narrow band, divided into triangular spaces, which are filled 
with parallel lines running vertically and horizontally in the alternate 

triangles. : 

PALMER, EDWARD. Has forwarded a mummy from Monterey, Mex., 

presented to the Smithsonian Institution by Don Ignacio Galerido. It 

was procured from a cave near Coyote, in Coahuila, latitude 25° 15’, 

longitude 103 west from Gr., near the western border of the State. It 

is encased in a garment much like that of the ancient Peruvians. In 

the States of Durango and Chihuahua, Mex., there are said to be caves 

containing Indian remains. 

PRIME, FREDERICK, JR. Describes a mound at Waynesborough, Au- 

gusta County, Virginia, 500 feet long, 250 feet wide, and 40 feet high, 

close to the Chesapeake and Ohio Railroad, on the south side, and 24 
miles west of Rockfish Gap tunnel. 

RANsBuRG, W. ©. Is making a thorough survey of the La Porte group 

of mounds in Indiana. 

ReppinG, B. B. Mentions an obsidian spear-head, 7 inches long, 34 

inches wide, found beneath the drift and boulders which compose the 

placer diggings. Mr. Redding regards this implement as an evidence 

of the existence of pliocene man in California. 
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RemyscuH, A. Explored two mounds on Walnut River, in Cowley County, 
Kansas. They are 30 rods apart, 30 feet in diameter, and at present 

18 inches high. They were originally between 3 and 4 feet high. A 

trench 3 feet wide was dug to the centre of one of them. Bones, pot- 

sherds, charcoal, jasper chips, and arrow-points were found at a depth 

of 6 feet, or about 4 feet below the surface. Mr. Reinsch also sends 
drawings of implements, among them a hollowed grinding-stone of 

whitish limestone. 

Rosinson, A. P. Sends a map of Coffey County, Kansas, on which are 

marked the locations of antiquities. Along the summit of the bluff, 

on Wolf Creek, many stone heaps are found, containing shells of unios, 

such as now live in the Neosho River, which is at present a mile away. 

At the foot of the bluff, by the cutting of the Missouri, Kansas and 

Texas Railroad, many arrow-heads were unearthed. By digging a 

ditch, what was possibly a cremation site was passed through, and a 

few knives and arrow-heads were found. The ashes, &c., were from 
4 to 5 feet below the surface, and over the sites were growing oaks 3 

to 4 feet in diameter. In this locality many fragments of pottery 

were discovered, but only a slight investigation was made. 

SHIPPEN, EDWARD. Mentions a mound in Ballard County, Kentucky, 1 
mile from the Ohio River, from which he took 437 arrow-heads, 1 

spear-point, 7 flint axes, 9 pipes, 24 vessels of clay, and many pottery 

fragments. The letter is accompanied with drawings of implements. 

SprAY,S.J. Reports that the region around Marysville, Blount County, 

Tennessee, is rich in relics of the Mound-Builders. 

STRONG, LORENZO. States that no mounds or earthworks occur near 

Strongville, Cuyahoga County, Ohio. Stone implements are found 

in abundance. 

Swan, JAMES G. Sends to the National Museum a carved seal club, 
or tinethl, as it is called by the Makah Indians. This specimen was 
made by a young Indian of the Clyoquot tribe, on the west coast of 

Vancouver’s Island, B. C. His name is Artlyu, or Benjamin. He is 

a son of Cdakanim, a chief of the tribe, and a great grandson of 

Wikananish, the great chief mentioned by Mears and other early 

navigators. This young man was one of the party who saved the 

captain and crew of the American bark General Cobb, wrecked off 

Clyoquot last winter. A photograph of Artlyu was inclosed by Mr. 

Swan, showing the club before it was painted, and a rattle in his right 

hand, such as is used during the medicine dance. This club is very in- 

teresting and very highly prized. It is not intended for use as a seal 

club, but to be exhibited on ceremonial or state occasions, as an ensign 

of the rank of the family. It represents a dream of old Wikananish, 

which was so strongly impressed on his mind that he related it as an 

actual occurrence. It was believed by his family, and the legend has 

been handed down to the present day. The story was related by Ben- 

jamin, as follows: 
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“ Wikananish was a great hunter of sea otter and seal; he could 
chase them into the deep water and there kill them with a blow of his 
clenched fist. He thus excited the anger of the Sheeschee a fabulous 

animal, half wolf and half fish. The head and forebody was wolf 

(Chuchuhuioxl), and the body and tail were the Kovwid, or Killer, Orca 

ater (Cope). On one occasion, after he had been pursuing otters, he 

came ashore tired and lay down to sleep. He then dreamed that the 

Sheeschee chased him ashore, but he made his escape, and a panther, 

Nani, rushed on him, seizing both feet in his mouth, and throwing 

him on top of his head, where he was held by the fore paws of the 

animal. While in this position the Sheeschee came up and seized the 
Nani by the hind quarters. The Thunder bird (7hlukloots) then seized 
the Sheeschee by the tail with his beak and grasped with his powerful 

claws the fin and back of the Killer, and spreading his wings flew off 

with the whole party to the mountains, where Wikananish made his 
escape.” 

He told this dream so often that he came at last to believe it to be a 

reality. Thesnake in the mouth of the Sheeschee is emblematic of the 

Hahaketoak, or producer of lightning. This animal is also seen painted 

on each side of the bird’s body. The face on the bird’s tail indicates 

that it sees in all directions, and the sun on the bird’s wings shows 

that it is the true bird of the sun, which is looked on by the coast tribes 
as the visible symbol of the Great Spirit. The swivel and three links 

of chain at the top of the handle of the club represent a piece of chain 

which old Wikananish procured from the vessel of the Spanish Com- 

mander Quadra, and showed them as a proof that he was a great chief. 

They were scoured bright, and during the presentation of gifts after 

a great banquet they were rattled each time a blanket was given to 

aguest. This specimen is the finest carving which has been seen here, 

done by an Indian south of Queen Charlotte Islands, and is valued at 

twenty blankets, although the writer procured it for as many dollars, 

as a mark of personal esteem. 

TAYLOR, Wu. J. Describes two New River mounds, in the ninth dis- 

trict of Berrien County, Georgia, on lot 275, 6 miles southwest of Nash- 

ville. They are on a dry sandy level near the edge of the hammock 

between a branch and a creek, 100 yards from the former and 300 from 

the latter. They were about 30 feet in base diameter and 4 feet high, 

and contained only ashes and charcoal. 

THORN, H.T. Mentions two groups of mounds near Rollag, Clay County, 

Minnesota. One is half a mile northeast of Prairie Lake post-office, 

Bangor, Otter Tail County; the other a mile and a half southeast of 

Cormorant Lake, Becker County. There are two mounds in each 

group, but they have not been explored. On the authority of Mr. 

Ole Clousen, rock paintings are met with in Rock County. 

Titcoms, H. Rk. States that at the mouth of the South Platte Cafon, on 

the right bank of the river, at a distance of one hundred or more yards, 
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isa large stone about 45 by 54 feet on the upper surface. This face is 

concave and slopes at an angle of 12° to 15° from the horizon. The 

surface is covered with figures cut deep in the rock, and a deep gutter 

incloses them and runs out at the lower edge and down 6 or 8 inches, 
where is a small hole, as though for the insertion of a peg to hang a 

vessel on. This neighborhood was at one time the camping ground 

of the Utes. The stone is in Acequia precinct, Douglas County, 

Colorado, on what is known as the Slocum ranch. 

WHITNEY, J. L. Writing from Rose Hill, Ohio, speaks of copper axes 

and shell objects from a mound half a mile from Sharpsburg, Mer- 

cer County, Ohio. Ten pairs of shell relics were found resembling 

the bottoms of sandals. The mounds at this point are composed of 

sand and gravel. <A large quantity of shell beads, a copper axe, and 

the skeleton of a tall man were recovered from the same mound. There 

are several mounds at this point composed of sand and gravel. The 

largest contains a quantity of very fine grayish-white sand, very hard, 

and streaked with bands of pure white sand. , 

WILLIAMSON, J.M. In opening shell mounds in Kentucky, found human 

bones showing the marks of teeth (human ?), and many that had been 

split. Fragments of crania and jaw bones were seen mingled with 

images and perforated shells. 

WILTHEIS, C. T., of Piqua, Ohio. Describes and figures an inscribed 
stone, a gneiss bowlder, with a granite vein through it, weight 134 

pounds. The inscription is very rude. 

Woop, Rey. Preston. The district lying north of Quincy, II1., in the 

confluence of the Hinois and Mississippi rivers, abounds in traces of 
the Mound-Builders. 

Woopman, H. T. Draws attention to a very curiously shaped earth 

mound, unlike any heretofore figured in that State, about 30 miles 

from Dubuque, Iowa. The mound will be figured and described. 
WricuHt, S. HART. Sends drawing and description of a work on Bluff 

Point, Yates County, New York, covering seven acres, and reticulated 
with graded ways. 



REPORT OF A VISIT TO THE LURAY CAVERN, IN PAGE COUNTY, 
VIRGINIA, UNDER THE AUSPICES OF THE SMITHSONIAN IN- 
STITUTION, JULY 18 AND 14, 1880. 

During the summer of 1880 a party was sent out by the Smithsoniam 

Institution to investigate the famous Luray Cavern in Page County, 
Virginia. An invitation had been extended by Messrs. Campbell and 

Stebbins, the proprietors of the cave, and Mr. Robert Garrett, vice- 

president of the Baltimore and Ohio Railroad, courteously granted passes: 

over his road. 

The party consisted of Wm. J. Rhees, chief clerk, Daniel Leech, cor- 
responding clerk, Dr. Charles A. White, geologist, Prof. Charles Rau,, 

archeologist, Prof. Otis T. Mason, ethnologist, Prof. Fred. W. Taylor, 

chemist, Dr. Elmer R. Reynolds, ethnologist, T. W. Smillie, photog- 

rapher, and Prof. J. H. Gore, civil engineer. 

Leaving Washington at 8.35 on the morning of July 12, the tourists,,. 

after passing Point of Rocks, Harper’s Ferry, Charlestown, Winchester, 

Strasburg, and Woodstock, all made memorable in the late civil war,, 

arrived at New Market at 2.44 p.m. Having selected quarters for the 

night, they made an excursion to the ‘Endless Caverns,” about four 

miles south of the town. These caverns constitute, together, a series. 

of very pretty grottoes, but no examination of them was allowed by the 

proprietors. Mr. Smillie, however, secured some very fine negatives of 

valley scenery. 

After a night of refreshing sleep, the explorers were ready to mount 

Burke’s tally-ho early the next morning for a most romantic ride over 

the Massanutton Mountain to Luray. Nothing could exceed for variety 

of quiet rural beauty the ever-changing landscape revealed in the great 

Shenandoah Valley at each turn of the winding ascent. There was: 

plenty of time, as the stage lumbered along, to alight and walk leisurely 

behind in order to look back over the magnificent amphitheatre. Ar- 

rived at the crest, all were ordered to mount to their seats in order to 

‘‘make time” down the tortuous eastern slope to the place of destination. 

A very picturesque ford of the east fork of the Shenandoah forms the 

gateway to the lovely Page Valley, having the Blue Ridge in the back- 

ground. 

Four miles of rolling limestone road brought the travelers to the 

quaint old town of Luray, straggling along the turnpike, and contain- 
S. Mis. 31 29 449 
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ing about 600 inhabitants. Those seeking a shorter route to the caverns 

may now go by rail directly to the spot over the recently-completed 

Shenandoah Valley Railroad. To select quarters for the night, to eata 

sumptuous dinner, and to don their old clothes, occupied the party but 

a short time, and then all were ready to mount the tally-ho for the 

eave, which is situated on the north side of the turnpike about a mile 

west of the town. The entrance is near the summit of a rolling hill. 

Before entering, the party listened to an interesting account of the 

search for the cavern by Mr. Stebbins, and, under the instruction of 

Professor White, observed carefully its topographical and geological 

environment. 

The Blue Ridge and Town of Luray from Cave Hill. 

For many years a small cave has been known in one of the hills near 

Luray, but it was not until August, 1878, that this wonderful freak of 

nature was discovered. This was due to the curiosity of Mr. B. P. Steb- 

bins, a traveling photographer, who was convinced that the old cave was 

only a part of other similar formations. After diligent search, numerous 

diggings, and considerable expenditure of time and money, with no little 

ridicule from the villagers, he was rewarded by the brilliant discovery. 

Andrew J. Campbell, of Luray, was the first to enter the cave. 

At this point Page Valley is several miles wide, and is bordered 

upon the east by the Blue Ridge, and upon the west by the Massanutton 

Mountain. The general surface is considerably diversified, and the 
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rock stratum out of which the cavity has been excavated appears fre- 

quently on the surface throughout the neighborhood. The cave, there- 

fore, is not in the side of a mountain, as most of the party had supposed, 

but at least four or five miles from the mountain ranges on either side. 

It has no obvious relation with them, except that its origin was partly 

coincident with their origin, and with the excavation of the valley by 

erosion. Indeed, it must be remembered that this gnawing away of ma- 

terial has produced not only the valleys, but the mountains themselves 

as they now exist, although they have such a considerable elevation 

above the lowlands. | 

The rocks throughout the whole of this region have been much dis- 

placed, having been flexed into great folds, the direction of which coin- 

cides with that of the Appalachian mountain range. In fact, these 

folds are a remnant of the results of that series of movements in which 

the whole system primarily originated. 

The rock out of which Luray Cavern has been excavated is a compact, 

bluish limestone, not very evenly bedded, and weathering ruggedly on 

account of its heterogeneous texture. The few fossils discovered indi- 

cate that this limestone stratum is of Lower Silurian, probably belong- 

ing to the Trenton period. 

The position of the cave in the middle of an open valley, distant from 

the mountains, and so much below their crests, shows that it was hollowed 

out toward the close of the epoch within which the formation of the valley 

took place. The character of the erosion leads to the conviction that 

the excavation was effected subsequently to the formation of the great 

folds referred to above. It is also plain that the foldings took place 

after the close of the Carboniferous period, because the strata of that 

period and those of later date are known to have been involved. 

It is thus evident that the geological date of the origination of Luray 

Cave, although it is carved out of Silurian limestone, is considerably 

later than the close of the Carboniferous period. None of the facts yet 

ascertained warrant a more definite conclusion concerning the limits of 

the antiquity of the souterrain, and the most recent epoch at which it 

might have been formed is the Tertiary. It is highly probable that the 

date of its origination is not more ancient than that of the Mammoth 

Cave or the Wyandotte. 

The history of its production is, of course, divided into two periods, 

namely, its excavation and ornamentation. The latter was wholly pro- 

duced after, and perhaps long after, the chasm was finished. The 

cavity was wrought by the same agencies that produce all such effects 

in limestone formations, namely, by the erosion and by the dissolving 

action of water holding carbonic acid in solution, and coursing through 

previously formed fissures in the rocks. These cavities gradually be- 

come enlarged into chambers by the falling and removal of loose mate- 

rial to lower levels, and even through open outlets to the general drain- 

age of the country. 
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The ornamentation of the cave, composed of lime carbonate, in the 
form of stalactite, stalagmite, calcareous tufa, travertine, cave pearls, 

calcite crystals, &c., has been produced by the precipitation of that 

mineral from solution in water, formerly percolating freely through the 

crevices of the rock which formed the ceiling, after the process of hol- 

lowing out was completed. 

With these preliminary observations the party equipped themselves 

for their subterraneous journey each with a tin fraine holding three 

lighted candles. The cold current of air around the mouth of the 

abyss warned them that their comfort would be enhanced by a 

heavy coat to enable them to sustain the shock of a sudden change 

in temperature from 96° to 56° Fahrenheit. The first descent is 

down a broad flight of square stone steps to a landing 50 feet below 

the surface. A short walk along a narrow passage leads to the vesti- 

bule, or entrance chamber, an irregularly shaped room 35 feet high and 

nearly 200 feet in diameter in the widest portion, the walls descending 

and contracting in an erratic and picturesque manner. As this was 

the first cave experience of most of the party, the unexpected magnitude 

of the chamber, the almost tangible darkness, the great variety of mas- 

sive and curious forms, the ghastly shadows flitting about with their 

feeble candles, filled up the measure of expectancy. Indeed, had there 

been no rooms beyond far surpassing this one in every respect, all would 

have been perfectly satisfied. A very remarkable object in this cham- 

ber is Washington’s Column, a monster pillar, nearly 25 feet in diameter, 

and very handsomely fluted. 

A long, arched, irregular space beyond the vestibule, studded with 

fungoid and stalactites, has received the name of the Vegetable Garden, 

from the exquisite varieties of the incrustations. The botryoidal stalac- 

tites excited the admiration of the whole party. Wandering through this 

space, the explorers descended a well-built wooden staircase to Muddy. 

Lake, passing across which over a wooden bridge, they were shown the 

Bear’s Tracks, curious indentations on the tufaceous covering of a ledge, 

very strongly resembling the scratches made by an animal holding on 

by its claws. The next point of interest is the theater—a suggestive 

title from the resemblance to a great audience hall. 

Ascending to the left the party came to the Fish Market. Here, on 

the side of a projecting wall, or series of escarpments, depend hundreds 

of sheet-like stalactites, mimicking most wonderfully rows of fish ex- 

posed for sale. Indeed, one has no difficulty about the identification of 

the species of bass, perch, shad, mackerel, &c.; some being gray all over, 

others having black backs and white bellies, and the illusion being per- 

fected by a sufficient trickling to give a slimy, fishy appearance to the 

objects. All pronounced this to be the most curious, though not by any 
means the grandest and most impressive, object in the cavern. 

From the Fish Market the path to the right leads to the Elfin Ramble, 

a low, open chamber, from 1 to 10 feet high, 600 feet long, and 300 feet 
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in breadth. Crossing the Ramble by a deep trench cut through the 

travertine floor and the cave clay, the party stood on the edge of Pluto’s 

Chasun, a rift 500 feet long, 70 feet deep, and 10 to 50 feet across, and 

with lighted candles in front of them sought to penetrate the darkness. 

Fifty candles combine their ineffectual fires to dissipate the gloom, but 

they only serve to indicate the locality of their possessors. Here is the 

awe-inspiring spot in all the cave. There is greater beauty, richer 

variety of form and color in many places, but no view stirs the sense of 

dreadful mystery like that from the balustrade of Pluto’s Chasm.  Fol- 

lowing the guides down a long, rocky descent, which bears away to the 

right past the edge of the chasm, the party reached the bottom of this dark 

chamber. From this point a fine view is obtained of the Specter, a tall 

snow-white stalagmite, looming up in the darkness in a very ghostly 

manner. This is a culde sac, and it is necessary to retrace one’s steps to 

The Fish Market. 

the Fish Market before making a new departure. Indeed, the astonish- 

ing fact was that the whole cavern occupies such a small area. In Mam- 

moth Cave one can walk more than ten continuous miles without doub- 

ling on his tracks. At Luray the chambers branch off in most fantastic 

form about the entrance until one is entirely bewildered. Again, in 

Luray Cave there are no cuntracted squeezes, no crawling, no break- 

neck climbings, no miry pools, but one may get about with almost as 

much ease as in the open fields. 
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On the side of a rocky ledge by the path leading to the Fish Market 
is a miniature lake, in which the formation of calcite crystals is yet 
going on. It isa very beautiful object, the snow-white crystals forming 
a pleasing contrast with the brown color of the surrounding rock. 
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The Sentinel and Spectre. 

The Grotto of Oberon is reached by crossing the Chasm. Here is a 

diminutive fountain surrounded by innumerable stalactites of great 

beauty. Just beyond lies the Bridal Chamber, socalled on account of the 

delicately veiled stalactites and stalagmites occurring there. Until one 
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has stood before these objects with romantic names, it occurs to him that 

the fancy of the narrator has quite as much to do with the matter as the 

resemblance of the objects. But all such doubt vanishes in the presence 

of creations which call forth spontaneously from all beholders the same ex- 

clamations. Itwassoin thischamber. The long, white, trailing masses 

of alabaster suggested the same idea to all, and the absolute, starless 

night of shade on every side helped to complete the illusion. Just beyond 

the Bridal Chamber is Giant Hall, where beauty gives place to wonder— 

the loveliness of Grecian finesse to the overpowering sense of Egyptian 

massiveness. Among the objects of special interest at this point are 

Titania’s Veil and Diana’s Bath, and, just beyond, the Saracen’s Tent. 

The last-named object attracted a great deal of attention, and vividly 

recalled the pictures of crusading times, wherein the conical tent with 

its ample folds is decorated with the armorial devices of the occupant 

and surmounted by his banner. 

EIT i 
tae rh tf 

The Saracen’s Tent. 

The next object of interest is the Cathedral, with its fantastic frescoe 
and stone organ. From the ceiling and walls depend thin sheets of 
stalactite of various lengths, which, upon being struck, give forth tones 

of great softness and effect. The impression made upon the party 

wandering through these dark abysses, when Mr. Campbell, without 

previous warning, played a familiar air, will hardly be forgotten. 

There is nothing more beautiful in the cave than these scarfs, shawis, 
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lambrequins— what shall we call them—of translucent calcite, some white 

as snow, others impregnated with the impurities of the soil above, falling 

in graceful folds, fringed with a thousand patterns, and so thin thatacandle 

held behind one of them reveals all the structure within. With much 

} iy 
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The Cathedral (Giant’s Hall). 

wegret the visitor sees the curtain fall upon this enchanted spot, but his 
sense of novelty is redoubled as he passes on to the Fallen Column, 
strangely misnamed. Once it hung from the lofty ceiling above, in com- 
pany with many others, a ponderous mass over 50 feet long, at least 14 
‘feet in its greatest diameter, and weighing about 400 tons. The entire 
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collection of these immense stalactites at this portion of the cavern re- 

sembles a great inverted forest of blasted trunks. The only spot in all 

the abyss where a sense of danger and utter helplessness seizes the ex- 

plorer is when he stands beneath these magnificent stalactites, weighing 

over 500 tons each, held to the roof only by their own cohesion, and capa- 

ble of falling, as evidenced by the prostrate giant before him. This feel- 

ing quickly subsides, however, when, upon closer inspection, he sees the 

fluted sides of the fallen one supporting long rows of secondary stalactites 

which indicate that perhaps centuries have elapsed since the crash of its 

downfall reverberated through these lonely halls. Drooping over the 

column to the right is the Angel’s Wing, a formation of alabaster white- 

ness, nearly 10 feet high by 7 wide, and flecked all over with feather-like 

wrinkles. Truly one may be pardoned for giving his fancy loose rein, 

as he here beholds in this wing drooping over a fallen stalactite an em- 

blem of the flight of centuries. 

The Throne Room and the Throne, Chapman’s Lake, the Tower of 

Babel, and Katie’s Secret pass quickly in review as the path leads on 

to the Giants’ Hall, the chef @euvre of this fairy underworld. On the 

verge of a towering cliff the beholder faces this chamber of wonders. 

Stretching away to the right is a seemingly interminable row of prodig- 

ious, glittering columns. They rise from out the depths of shade and 

are lost in the overhanging gloom. The magnesium light successfully 

combats these hosts of darkness and drives them into the alcoves and 

recesses above, beneath, and on either side, revealing forms of. giant 

dimensions, weird outline, and infinite variety of ornament. Many feet 

below are the Chimes,—long sheeted stalactites, which on being vi- 

brated give forth a deep, tremulous peal of varied tone. 

The Empress Columns, the Sultana, the Double Columns, the Frozen 
Cascade, the Chalcedony Cascade, and the Hanging Rock being passed 

and admired, the scene opens into the Amphitheater, a large high-ceiled 

rotunda which has been tightly floored and fitted up with seats and 

chandeliers for a ball-room. Here on special occasions the citizens of 

Luray assemble to “‘chase the glowing hours with flying feet.” Around 

the amphitheater are the Tombs of the Martyrs, Cinderella, and an, end- 

less number of robed and spangled heroes and heroines as yet un- 

named. An ascent of two long flights of stairs leads from this rotunda 

to Campbell’s Hall, an oblong chamber, about 200 feet in the long di- 
ameter and 50 feet high. The chief attraction of this room is the rich 

variety of coloring in the stalactites, including red, yellow, black, white, 

blue, gray, brown, with an infinite number of intermediate shades. 

The returning path leads through the Bridal Chamber, where at 

least one couple sought their introduction into the mysteries of wedded 

love. Near at hand is the hollow column, a cylinder of great size, which 

rises from the floor and disappears through the ceiling as a stove-pipe. 

The column is hollow, as its name implies, a stream of water having 

worn away the center, through which, by means of a rope, an ascent can 

be made to a chamber nearly 60 feet above. 
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Passing onward the visitor stops for a few moments to admire what 

seems to be the retreating form of a lady in full party toilet. Her head 

is just hid by the jamb of the distant doorway; but rounded shoulders, 

delicate arms, shapely waist, and long, flowing skirt and train, profusely 

ornamented, all are there. The proprietors have named this the Ladies’ 

Toilet, but some of the Smithsonian party suggested the title ‘“‘ Cinderella 

leaving the Ball.” The path leads hence across Pluto’s Chasm, by the 

Bridge of Sighs, to a rift bearing the grim title of Skeleton Gulch. 

The Grand Gulch and Geyser. 

Here, 110 feet below the mouth of the Chasm, in the bottom of a narrow 

trench, are the bones of what appears to have been ahuman being. The 

vandalism of former visitors made the proprietor rather shy of the ex- 

ploring party; but as far as could be made out a man or woman lost in 

the cave had wandered to the edge of Pluto’s Chasm, and, falling over, 

had here become entombed. Most of the bones are concealed by the 

tufaceous floor which has formed over them, but protruding through 

and above this are to be seen the head of a femur with an inch or two 

of the vertebral column, two or three small pointed projections resem- 

bling teeth, and a portion of a third bone undetermined. It was abso- 
lutely impossible to gain any information concerning these bones which 

would be of scientific value. 

The ground passed over is only one-fourth of the cave accessible, with 

but little trouble, to visitors; and yet the fleeting hours invite return and 
compel a speedy retreat. 
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It is a matter of profound regret that the peculiar combination of un- 

toward circumstances precluded a more scientific examination of the 

Luray Cavern. It is quite certain that the work could be thoroughly 

done with little cost if the same party could have proper facilities an- 

other season. The daze of first impressions being off, there would be 

no hindrance to genuine work. An electric light should be used in 
place of the magnesium wire, and bearings, distances, and elevation 

carefully noted. 

Comparing this great natural curiosity with others of the same class, 

it is safe to say that there is probably no other cave in the world more 

completely and profusely decorated with stalactitic and stalagmitic 

ornamentation than that at Luray. So abundant is this decoration that 

in only a small portion of the whole interior is unadorned rock visible. 

Here in this dark studio of nature are reproductions of all those 

objects which are wont to fill the mind with pleasure, wonder, or alarm— 

crystal fountains, spouting geysers, cascades, flower gardens, gems 

which are the crown jewels of nature set off against a background of 

velvet darkness, cathedrals gorgeously sculptured and frescoed, chimes 

and deep-toned organs, thrones, spectral beings, terrestrial, celestial, 

and infernal—objects whose multiplicity variety and splendor would ex- 

haust the whole literature of mythic and fairy lore, in providing names 

for their infinite diversity of beauty. The indications are that the work 

was done with comparative rapidity, and the present dryness is suffi- 

cient evidence that the process has nearly ceased. Indeed, with the ex- 

veption of a few spots where there is a slight percolation of water from 

above, and a few where the gathering into pools allows the crystalliza. 

tion of the salts of lime, the atmosphere is all too dry for the deposition 

of lime carbonate. The cessation of the production of stalactites after 

the chambers had received their finishing touches was doubtless due to 

a change of condition of the land in the neighborhood, causing the drain- 

ing away into deeper channels of the surface water. This change prob- 

ably resulted from the further deepening of the bed of the neighboring 

stream, after the greater part of the ornamentation had been completed. 

These circumstances indicate some degree of geological antiquity for the 

Luray Cavern. Hence a date as early as the Tertiary period has been 

suggested, but there is no apparent reason why it may not be supposed 

to have originated in one of the Mesozoic periods. In any case we may 

safely assume that the Luray Cavern long antedates the pristine man, 

although one of his descendants paid a fatal visit here long before Mr. 

Stebbins. 
The obscurity of the aperture through which it was discovered by its 

present proprietors (1878) would naturally suggest that its existence 

could not have been previously known. The discovery of parts of a 

skeleton of man or of some large vertebrate, mostly embedded in 

tufaceous carbonate of lime, at the bottom of a chasm, shows that it was 
at one time of easier access ; indeed, it is affirmed that former owners 
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of the land had dumped loose rocks into the aperture to prevent young 

stock from wandering in and getting lost. The bones discovered are 

doubtless of considerable human antiquity ; but, as they are found upon 

one of the few spots in the cave where the tufaceous material is still 

forming, it would appear probable that their gee may not exceed two 

hundred or three hundred years. 

A few insects have been found in Luray Cave, but a thorough exami- 

nation with a view to collecting its fauna could not be made in the short 

stay allowed the Smithsonian party. Nostreams or pools of water have 

as yet been found in which an aqueous fauna might exist, and from pres- 

ent indications it is likely that the variety of animal life will prove to be 

very limited. At present a few spiders, flies, and one myriapod are 

known. An account of the former will appear in the American Natur- 

alist, from the pen of the editor, Dr. A. 8. Packard, jr. The myriapod 

has been described in volume iii, p. 524, of the Proceedings of the Na- 

tional Museum by Mr. J. A. Ryder and named zygonopus whitei in honor 
of Dr. C. A. White. 

The vegetable growth is far more limited in extent. The proprietors 

have been compelled to form the walks and balustrades, through the 

eave, of green planks. In several places the white mold hangs from the 

under side of these planks in long graceful festoons, not unlike the moss 

upon the cypress trees of the South. 

The party were greatly pleased with the courtesies received at the 

hands of the proprietors of the caverns, the citizen of Luray, and the 

Baltimore and Ohio Railroad Company, and only regret that their limited 

time and opportunities prevented their making a thorough scientific ex- 

ploration. 

The Institution is indebted to Mr. McDowell, treasurer of the Shenan- 
doah Valley Railroad, for the use of the illustrations in this article. 



DISCUSSION OF THE BAROMETRIC OBSERVATIONS OF PROF. E. S. 
SNELL (AMHERST COLLEGE). 

By Pror. F. H. Loup, oF COLORADO COLLEGE. 

The meteorological register of Amherst College was begun in 1835 

by the late Prof. E. 8S. Snell, and consisted for the first year of a mere 

register of storms, to which daily observations of the thermometer and 

wind were added in 1836. Barometric observations were also begun in 

November, 1836, but the instrument employed for the first fifteen years 

was of inferior accuracy, and the observations were not corrected for 

capacity nor for temperature. With the beginning.of the year 1852, 

new instruments by James Green—a barometer, thermometer, and psy- 

chrometer—were furnished by the Smithsonian Institution, and in 1854 

the uniform hours of observation recommended by the Institution were 

introduced. The thermometer previously in use was at the same time 

tested and approved by Professor Guyot. From that time to the present 

the same instruments, with the exception of one bulb of the psychrom- 

eter, have been in use in the same positions; and, together with gauges 

for rain and snow, they comprise all the instruments used in the daily 

observations. From the same time the hours of observation have re- 

mained unchanged, viz, 7 a.m: and 2 and 9 p.m. The series of twenty- 

five years of observations, from 1854 to 1878, is therefore as nearly as 

possible homogeneous throughout, and it is scarcely less so in respect 

of the observers who have been engaged upon it, for few of the observa- 

tions have been made by others than Professor Snell and one or two 

members of his family. His well-known scrupulous accuracy is there- 

fore characteristic of the whole work. In 1858 five months of observa- 

tion were mad2 by the tutor in mathematics (now Rev. H. 8. Kelsey, of 
New Haven) at his room in North College, the only instance of a removal 

of the instruments; but before the barometer observations made during 

this interval were incorporated with the others in the present reduction 

they were corrected for difference of level, no such correction having been 

made at the time. 

Amherst is situated in latitude 42° 22’, longitude 72° 30’ W. The 
elevation of the barometer-cistern above the level of the sea was deter- 

mined by Professor Guyot at 267 feet, and this computation has been 
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verified by leveling from the track of the New London Northern Rail- 

road, the height thus deduced being 266.5 feet. The readings of the 

barometer have never been corrected for elevation, but represent the 
actual pressure at Amherst in inches of mercury at 32° Fahr. 

In regard to the fluctuation of atmospheric pressure, the observations 
at Amherst may probably be regarded as fairly representative of New 

England and the adjacent portion of New York. In confirmation of 

this opinion, the figures at the foot of this page are cited from a pam- 

phlet of ‘‘ Meteorological Researches for the use of the Coast Pilot,” 

published in 1877 by the United States Coast Survey. They are the co- 

efficients of Bessel’s periodic function, under a modified form, in which 

e, represents the value which ¢, the time-angle, has at the maximum of 

the annual inequality, and < is the value of 2¢ at the maximum of the 

semi-annual inequality. The coefficients Bo, B,, B, are expressed in mil- 

limeters. The places named in the first column are all those within the 

above-named region which are embraced in the tables of the pamphlet 
(pp. 33, 34). The data from which the numbers in the first seven 

lines were computed were originally published in 1861 by the Smith- 

sonian Institution (“ Results of Meteorological Observations, 1854~59”) ; 
those in the seven following lines were derived from the Reports of the 

Chief Signal Officer, 1872-1876. The latter are reduced to sea-level ; 
the former are not. None of the fourteen are based upon more than six 

years’ observations. The values given separately for Amherst, below the 

rest, are taken from the present reduction of the twenty-five-year series, 

and it will be seen that except in the value of < they agree well with the 

mean of all the others. This angle «, appears from the given values to 

be very variable when a comparison is made of different places, or even 

of the same place in different short series of years, a circumstance, 
doubtless, connected with the fact that, as appears from the present 

reduction of the Amherst observations, the coefficient B, of the term 

B, cos (2g—<2) is less than that of the following term in 3¢,—of which 

term no account is made in the pamphlet. 

Place. Bo B, By €} €2 

mm. | mm. | mm. 9 ° 
Steuben Mets 22 eascceaese see oace eee en acseiemece semeeeice | 759.6 if peda (OS 7a) 265 19 
Gardiner, Me: ------ <<) s.0---.-- pononDyocada sconseagcosanneSse 757. 0 21) 0500) 290 350 
Nantucket, Masso .sc 2 sec os)cjcicielnw cersisie se isiniseisieine sae niseraiciers 761.6 1.0} 0.6] 289 40 
New Bedford, Massiisa- chan ha- cece cninedet cemacneemecnee oe 759. 5 Me) ORE eaxiry 51 
Amherst. Massy 32 secon alo. f2 stele sioitc cee sleet ee eeinee Saetee ence Tiaty, al 1,@ |) Ose |P Bis 53 
Burlington, Vt ..-.... spss codecs pacbD Sa sagesSudocb soouse yooase 751.9 11] 0.6) 261 30 
Rochester PE NiwVe samcetacamscise seciseccciciceioncicte eee eee 746. 7 0.9] 0.6] 354 51 
Portland’ (Merce ee setemacesen ssc nek cee ee eee eee 761.2 0.4} 0.4] 297 56 
Boston Masssnoetrdescmesceed aceite st biseaen ear cee eae eee 761.8 0.9} 0.4) 308 44 
New? Hondon wConnesenen sssatt esate eh oes eee eens 762.5 1.0} 0.38] 323 63 
Burlington pViteeeece cee eesee se eee od aneee ee eeeeee senssoac 761.5 1.6] 0.3} 329 58 
Now York, ONGrW ee aac eeeriaate sen cece otee aces cemetery aeee 762.7 Mae USCh My BBk) 49 
Oswego; NeW Saeco ee a nenoere coon ocacamse as semene Renee 761.7 0.9 | 0.5] 348 94 
Rochester, Nis Vecscese smee eee onan dace escc deco kee eae 761.2 TQ OFA e3e0 320 

Mean iof the abovel.<scst<c sas saeses soe eceene oe seceeaccosesees| teen ek) Osis) Bikey 39° 9 
Amherst; Masao) cee see een ocean ce coenewomec eons 754. 86 1.2 0.5 308° 57’ 82° 20’ 
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ANNUAL FLUCTUATION OF ATMOSPHERIC PRESSURE. 
~ 

In order to deduee the annual march of atmospheric pressure with as 

much accuracy as the Amherst twenty-five-year series renders possible, 

the first step has been to derive the coefficients of Bessel’s periodic func- 

tion from the given monthly ‘means. These, as given in the records, 

were of course originally derived from the daily means, and these last 

are simply the third part of the sum of the three daily observations, no 

additional weight being given to the evening observation. In the re- 

duction of the barometric observations no correction for hours of observa- 

tion has been attempted, but a correction for the unequal length of the 

calendar months was made in the manner presented by Mr. E. L. De 

Forest, and quoted on page 170 of Mr. Charles Schott’s paper on tem- 

perature (Smithson. Cont., vol. X XI). The monthly means thus corrected 

are as follows :* 
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The form of the function derived in this preliminary computation is 

the following: 

P = 29.7207 + .0467 sin (0+ 142°920’)+ .0227 sin (204 10934/)+.0241 sin 

(30+44° 41’)4 .0139 sin (404+92°44'), 
From this formula a table of normal pressure for every day of the 

year was prepared, the value of P being computed directly from the 

formula for March Ist, and every tenth day thereafter to August “8th; 

also for September 1st and every tenth day to February 28th. The 

values for the intermediate days were then obtained by interpolation, 

using second differences, except a few days at critical epochs, the values 

for which were again computed from the formula. The table of normal 

pressures thus deduced is as follows, the integral part of each value in 

this and succeeding tables of barometric pressures being omitted for 

*The amount of this correction for length of months may be seen by comparing the 

means here given with those appended to Table I in the line headed ‘‘ Means from Rec- 

ord.” I did not think it necessary to verify the work of Professor Snell in obtaining 

the means of the single months from the daily means or the latter from the observed 

heights, especially as the formula resulting from the present computation is used only 

to direct the subsequent work. A separate determination of the mean monthly pres- 

sures, independent of the recorded monthly means, occurs at tho end of Table II. 

Since my work was completed, however, I have received from H. A. Hazen, M. A., a 

list of errors in the recorded monthly means which he has discovered in examining 

Professor Snell’s work. Making allowance for these errors the mean monthly pres- 

sures, uncorrected for unequal lengths of the months, are as given in the last line of 

Table I, ‘‘ Means from corrected record.” In Table VI (the only remaining part of my 

work which is derived from the recorded monthly means) I have substituted Mr. 

Hazen’s determinations wherever he has found those of Professor Snell erroneous. 
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brevity, as it is in every case 29 inches. The computation was ex- 

tended to four places of decimals, though it has been thought unneces- 

sary to give more than three. 3 

TABLE I. 

Atmospheric pressure for every day in the year—from the periodic function. 
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It here appears that the extremes of the annual fluetuation are the 

maximum 29.7902 on the day of the autumnal equinox, with the mini- 

mum 29.6612 on May 10, while a subcrdinate wave occurs in the begin- 
ning of the decline from the September maximum, reaching a minimum 

value of 29.7066 in the middle of November, with a subsequent rise to 

29.7877 on the 8th of January. 

The most marked deviation between the monthly means of the com- 

puted normal values and the means which were the basis of computa- 

tion, aside from those which are due to maxima or minima already ex- 

posed, is found in the months of March and April; and this is due to a 

deviation from the regular progress occurring in the end of March, 

which will be noticed hereafter in its proper place. 

It is well known that the accidental barometric oscillations have a 

greater range in the winter than in the summer months, and for the 

purpose of obtaining a quantitative determination of the normal degree 



DISCUSSION OF BAROMETRIC OBSERVATIONS. 465 

of this atmospheric disturbance in every part of the year, as well as a 

more accurate account of the annual fluctuation of pressure, the daily 

means of the barometer for the twenty-five years were next arranged 

under each day of the year in two columns, one column containing 

those means which exceed the normal value for the particular day in 

question, derived from Table I, the other column containing the means 

for like-named days in the remaining years, all falling below the com- 

puted normal value. Each column having been added, the difference 

between its sum and the product of the normal value by the number of 

means in that column was found. Thenif d and d’/ represent these differ- 

ences, N the normal value, and » the number of means in both columns 

taken together, (twenty-five, except when an omission occurred,) Les 

is the mean of the departures of the daily means from the normal value for 

d—d! 
n 

columns, is the mean pressure for the same day. The mean pressures for 

every day of the year, thus deduced, are as follows: 

that day of the year, and N+ equal to ‘th of the sum of the two 

TABLE II. 

Almospheric pressure for every day in the year—directly from observations. 
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As might be expected in so short a series as twenty-five years, the 

values embraced in this table are far from escaping the effect of acci- 
S. Mis. 31——30 
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dental variations, but we may attempt to eliminate that effect by com- 

bining them in groups. The following are the mean values of atmos- 

pheric pressure in ten-thousandths of an inch, obtained directly from 

Table II, for thirty-six equal periods of 10.15 days each, beginning with 

January 0 and embracing the entire year. (The integral part, 29 inches, 

is omitted as before :) 
TABLE III. 
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In this series few oscillations appear beyond the two principal ones 

already noted. Beginning with the yearly minimum on May 10th, 

which falls in the thirteenth period, the rise to the September maximum, 
in the twenty-seventh, appears to be broken by a depression culminating 

in the twentieth period (about July 17), and in like manner the fall 
thence to the November minimum is checked by a subordinate maximum 

in the end of October, the thirtieth period. The only remaining note- 

worthy departure from the normal value is more marked than either of 

the preceding, and consists of a depression in the ninth period—the ten 

days following the vernal equinox—which appears to amount to a true 

equinoctial storm. Thus each of the two equinoxes is a definite baro- 

metric epoch, though they are marked by opposite characteristics. 

A tendency is apparent in one or both of the periods adjacent to a 

maximum or minimum to depart from the normal values in an opposite 

direction, so that the gradual approach to the critical value, on the part 

of the more distant periods, appears to culminate ten or fifteen days 

from the true epoch, and a double maximum or minimum is the result. 
Examples may be noticed in the fourteenth period, immediately follow- 

ing the yearly minimum in May, while a double maximum occurs in 

September ; also, in the case of minor oscillations, the minima in March 
and July are each followed by a single period of high barometer, and 

the January maximum is both preceded and followed by single periods 

slightly lower than those adjacent to them. The phenomencu appears 

suspicious, as though due to accidental variations, yet some ground for 
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a contrary opinion may be derived by examining the deviation of each 

period from the normal pressure. 

As will presently be shown, the probable error of one of the values in 

Table IIL is a variable quantity, having for its mean value 0.0095, while 

at its maximum it is about 0.0122 and at its minimum 0.0058. If now 

we compute a value for the middle day of each period from the periodic 

function, in the same way as Table I, but to four places (which may be 

regarded as representing accurately enough for the present purpose the 

normal value of pressure for the period, aside from the irregularities now 

under discussion), these normal values, subtracted from the successive 

values of Tables III, will leave the following residuals: 
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It here appears that the periods following the March and May minima 

and the January maximum deviate from the normal value in the oppo- 

site direction from the adjacent critical value, and to an amount 
exceeding the estimated probable error for the time of year, while the 

periods preceding the January and September maxima appear to be 

normal, the double maximum in these cases being produced by a rela- 

tively high value of the period in which the anticipatory subordinate 

maximum occurs, rather than by a relatively low value in the period 

separating it from the true maximum. The effect of the disturbance in 

March-April appears to be confined to the ninth and tenth periods, and 

it produces that divergence of the computed and observed means for the 

two months, previously noticed in connection with Table I. 

The division of the year into thirty-six equal periods, in Table III, 

gives the opportunity for a recomputation of Bessell’s periodic function. 

The following are the coefficients of ten terms, based upon the thirty-six 
periodic means. The first five or six terms may be regarded as replac- 

ing by more accurate values the formula previously derived, and from 

which Table I was computed ; the concluding terms are, perhaps, chiefly 
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interesting as showing the impracticability of obtaining actual conyer- 

gence from a series of observations no longer than the present : 
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The corresponding angles are as follows: 
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Mr. E. L. De Forest, in the Analyst for July, 1877, refers to a previous 

paper of his own in which he has pointed out a simple test of the accu- 

racy of the adjustment of a series of values subject to accidental variation. 

The test quoted is in substance as follows: If the original (observed) 
values be subtracted from the adjusted values, term by term, the result 

is the series of residual errors. If the terms of this series be pointed 

off into groups, by inserting a point of division at every change of sign, 

the most probable number of terms occurring in groups of three or more 

is 4 N+.533 YN; where N denotes the whole number of terms of the 
series, and the expression following the sign + is the probable error. 

If the number of terms occurring in such groups falls short of $.N by 

more than the probable error, the inference is that the inequalities of the 

series have not been smoothed out enough; but if it exceed 4 N by more 

than the probable error, the series has been smoothed too much. From 

the nature of the periodic function, the adjustment effected by it would 

be expected to err (if at all) in the latter of these two directions. In 

fact, when a series of residuals is formed by subtracting the terms of 
Table II successively from the corresponding terms of Table I, the 

number of terms or signs occurring in groups of three or more exceeds _ 

half the whole number of terms by 79, while the probable error, .533 Y366, 

is only 10.3. Though a closer approximation to a perfect adjustment 

might probably be derived by the use of the more exact coefficients just 

obtained, it seems preferable, for the purposes of comparison, to use a 

different process of adjustment, and hence the method of successive 

means has been employed. The arithmetical means between each term 

of the series of Table II and the next succeeding term form the first 

order of means, the second is derived in the same way from the first, _ 

and so on until the tenth order of means is obtained, which constitutes 
Table IV. 
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TABLE IV. 

Computed normal pressure for every day in the year. 

{Tenth order of means from Table I.] 
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On applying the test of Mr. De Forest to this series the total number 

of signs occuring in groups of three or more is found to be less than half 

the whole number of terms by 18—a difference much less than that of 

Table I, though nearly double the probable difference of a perfect 

adjustment. 

In respect to the treatment of the 29th of February, this table is less 

accurate than the others; for the pressure for that date, as derived from 

Table II, should in strictness have been allowed only one-fourth of the 
weight of the other values; but as such a discrimination could not con- 

veniently be made in the computation, the 29th was treated precisely 

like the adjacent dates. In all the other tables due allowance is made 

for the peculiarity of that date. 

The sign + appended to numbers in Table IV indicates a fraction be- 

tween 54%; and ;5°;. Smaller fractions are disregarded, and for larger ones 

the third figure is increased by 1. 

MEAN DEPARTURE FROM NORMAL VALUE, AND PROBABLE ERROR. 

In describing the method of deriving the numbers which constitute 

Table IL it was shown that for each day of the year, along with the 

mean pressure, another number was deduced, which was called ‘the 
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mean of the departures of the daily means from the normal value.” The 

series of the mean departures thus obtained is as follows, in thousands 
of an inch of mercury : 

TABLE VY. 

Means of the Departures of Daily Means from Normal Value. 

g x 5 A 5 
eB B 43 = oI = = 

Day of the month. I st | sil) os Ey & 2 El FI 
i B z qa B g be 5p = 3 5 3 g = q a a a =| 5 =F = iE = G3 2 5 5 o 5) 2 2 
eB | ied 1 sede tet les SS eter cca nye sh anil eet 

1 235] 219| 214| 294] 171| 168] 110] 118] 155] 295] 178| 235 
2 232 | 253 | 251] 224] 179] 137| 111] 162] 140] 163| 186] 216 
3 214| 268| 180| 178| 191] 129] 093] 118| 124] 198| 189] 232 
ie 174} 296} 187| 231] 151] 133| 126] 122] 139| 211| 219| 266 
5. 190 | 257] 205] 222] 133| 150| 094] 138] 112| 161| 196| 199 
6 225 | 195| 234] 202] 142] 124] 101| 134| 106] 166| 239] 231 
7 234 | 236| 173] 175| 152] 146| 102| 105| 134] 171| 281| 256 
Peale Pal Aaa Gee ORE A 291 | 249] 223] 169| 179] 150] 106| 127] 173| 186| 237| 216 
as Saenger ae Pe & 222 | 260! 208] 171| 145] 173| 143] 152] 131| 163] 155 | 271 

ni me eg oe PU BRE 342 | 197| 195] 159] 131] 144] 105] 131| 126] 167] 184] 9239 
A MRGRE Pete ce pee tec 184 | 209] 197| 135| 137| 169| 094] 103| 127] 126| 180] 145 
IO EES ease con bee 183 | 229| 167| 172] 151| 168| 095| o81| 159| 173] 206] 224 
STS UNS Hs oe hate De a 239 | 143| 207| 190| 150] 133] 104] 087| 170| 175| 215| 250 
rt aan I arene pre 240 | 179| 161] 230] 188] 131] 112| 075| 162| 181| 179| 218 
ii Sep ee aes ee ee te 233 | 201] 166| 166/ 185| 135| 100| 084] 118| 203] 236| 215 
c\it ah ened ee ema 192! 265! 251! 296! 154| 120! 117! 115! 156| 211! 303! 190 
if: tee anu: age 227 | 263 | 224| 197| 132] 117| 107| 115| 137| 140] 981| 242 
ei ee ie ean 293 | 937| 167] 163| 135] 112] 192] 114] 152] 162] 235] 9257 
i), Sea RO Sateen ane ed 255 | 190] 234] 185] 148] 108] 121|. 112] 170] 172] 218] 244 
TiN ape nC i i et ESE 171| 196| 157| 162| 156| 123] 110| 131] 113| 196| 224] 9237 
DIT aot teach Se caren 246 | 293| 260| 177] 156] 106| 125] 131] 133] 172] 205| 270 
Ten apes Ee eaee 0 239| 197] 211] 152) 159| 107| 148| 127] 139| 161] 235| 251 
DRIAL coal igen BOE 229| 934] 921! 176] 112| 109| 111| 130] 173] 239! 2431] 238 
ae REL ae 255 | 251 | 249/ 186| 134] 099| 084! 100| 169] 295| 203| 233 
TEs AN aS end Det at UR 240 | 296| 247] 177| 116] 121| 993} 135] 130| 249| 237| 195 
Yi © Saeed Vier Rada 242 | 183| 203] 190| 126] 113) 099| 114] 115| 207) 226] 170 
Oye k ae ate eaten gS 197 | 213| 166| 136| 164] 107| 092| 135| 154| 997] 171| 213 
OI: an ea wee atone me Le | 186 | 248| 209| 161| 175| 114| 068| 125| 123| 247| 171| 225 
DOM ar Ul seen 190 | 192] 226) 172| 120] 122] 096] 131) 165| 212) 929| 215 
Cepia So an pm ap Se B70) | sone 233 | 180] 127] 126| os9| 135| 190] 246| 283] 222 
Sita ee ak ea oie oe rf ee Dep ll aeaee ier agence 110| 196 |...... 17 sleds 295 

Sams See eee 6.978 e 227/16. 476 |5. 558 |4.672 3. 894 |3. 288 |3. 713 |4. 295 |5.914 6. 544 | 7. 040 
Ricans ueeee ne esas .2251 |, 2278 |. 2089 |. 1852 |. 1507 |. 1298 |. 1061 |. 1198 |. 1432 |. 1908 |.2181 | .2271 

An inspection of this table shows a marked annual variation. To 

exhibit its law, the monthly means at the foot of the table were first 

corrected for the unequal length of the months, and then used to com- 
pute coefficients for Bessel’s periodic function. The resulting formula 

is the following : 

D=0.1775+ .0607 sin (6+ 76°.1)+.0094 sin (20+218°.0) 

+.0036 sin (304-275°.6)+.0016 sin (40+ 259°.6.) 

The coefticients of the five terms here given exhibit a more satisfac- 

tory convergence than any five successive terms in the formula for the 

annual fluctuation of pressure, and indicate that the function in ques- 

tion—the amount of atmospheric disturbance—is entitled to considera- 

tion as a meteorological element governed by a simple law of change. 

By differentiating the formula the function is found to have two nearly 

equal maxima on December 11 and February 4, of which the latter is 
the higher, their respective values being 0.2261 and 0.2275. Between 
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these points the curve maintains a nearly uniform height, having its 
minimum on January 1, when the value is 0.2254. The minimum for 

the year is 0.1089 on July 23. 

Besides its significance as an independent meteorological element, the 

function may also be regarded in its relation to the probable error of 

the numbers composing Tables I], If, and IV. Referring to the method 

by which the mean departures were computed it will be seen that as the 

number of daily means in excess of normal value varies but little from 

the number in defect, the inaccuracy of the normal value of pressure as 

derived from Table I must be too sight to affect appreciably the result- 

ing formula for mean departure; hence this mean departure may be 

regarded as identical with the mean of the errors of single daily means, 

regarded as measurements of the true normal pressure. The ‘‘ mean 

error” will then be found by multiplying the mean departure by the 

constant 1.2533, or the probable error by multiplying it by 0.8453. Ap- 

plying the latter factor to the extreme and mean values of the function 

it appears that the probable error of a single daily mean is £0.1925 on 

February 4, +0.09205 on July 23, and has a mean value of 0.1500. If 

no daily means had been omitted in the records each of the numbers in 

Table II would have been derived from twenty-five daily means, and its 

probable error would have been one-fifth that of the daily mean. But 

in fact 184 of the 9,131 daily means are wanting, so that the average 
number of means in a column is 24.496. Hence the factor by which the 

or 0.202. 
1 

V 24.496 
The products, .0388, .0186, and .0303, are the extreme and mean values 

ef the probable error of the numbers in Table II. Each of the numbers 

in Table III is the mean of 10.15 numbers of Table II, hence the prob- 
able errors of the values in Table ILI are: Maximum, .0122; minimum, 

.0098; mean, .00951. 

Finally, Table IV is derived from Table II by taking the tenth order 
of means. Now, if from the series of terms T), T,, T;, etc., m successive 

orders of means be derived (m being an even number), the value of 

that term in the mth order which corresponds to Tn is: 

4 m (m—1) 
om \ x @=unie T Puree han 2 T oO An as 

probable error of a daily mean is to be multiplied is 

ar ser keenly; +m T (n+4m—1) ater (n+4m) ; 

the coefficients being those of the mth power of a binomial. 

Hence, supposing the probable error of each term of the original 

series to be r, the probable error R of a term of the mth order will be: 

iP m? (m—1)? 
9 5 B=5 | 1+ m+ = t.+-- +m+1 2. 

If 10 be put for m in this formula, we have 

R=0.4198r. 
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Hence the probable errors of the values in Table IV are the following: 
maximum, February 4, 0.0163; minimum, July 23, .0078; mean, .01272. 

It is to be observed that in all the above determinations of probable 

error, the maximum and minimum values of the error, being derived 
from Bessel’s function, are probably somewhat incorrect by not depart- 

ing widely enough from the mean value, but the mean value itself is not 

liable to such an error. 

The probable error of the mean annual pressure, 29.7194, is + 0.00159; 

that of the mean of a single year is + 0.00785. 

BAROMETRIC RANGE. 

Of the readings of the barometer at each of the regular tri-daily obser- 

vations during a month, corrected for temperature, the highest and lowest 
values are noted in the register at the end of the month, and the differ- 
ence between them is recorded as the barometric range for the month. 

The means of these ranges for like-named months in the twenty-five years 

are the following: January, 1.255; February, 1.301; March, 1.186; April, 

1.012; May, 0.875; June, 0.727; July, 0.615; August, 0.655; September, 

0.846; October, 1.042; November, 1.221; December, 1.427. 

It will be noticed that the annual fluctuation of barometic range 

copies closely that of the mean departure of the daily mean. The mini- 

mum in July, the double maximum in December and February, with 
the intervening value for January, which, though lower than that of 

either of the adjacent months, is higher than that of any of the remain- 

ing nine; all these peculiarities are common to the two functions. They 
differ, however, in the relative height of the two maxima, the December 
maximum being in this case higher than that in February. 

SECULAR VARIATIONS OF ATMOSPHERIC PRESSURE AND DISTURBANCE. 

Among the variations of meteorological elements supposed to have a 

period of more than a year, two are embraced within the subject of the 
present discussion, viz, that of atmospheric pressure, and that of atmos- 
pheric disturbance, expressed by barometric range. 

TABLE VI. 

Variation of the annual means of pressure. 

3 i] > 3 a] : 
| ees BE eae) Se 
as aS 45 Bs aa ee 

Year.| 92 z= a Remarks. Year.| 52 eS ae] Remarks. 
= q = A 

Az sa =a ae <A 55 
= < De ey <4 mA 

| | | == 

IE PB et Ne So soon 19. 2 || 1867 | 29.706 | 29. 719 8.0 | S.s.min. 
1655 |. 741 | 29.727 6.9 | 1868 | .744| .720| 40.2 
1856} .695)| ..720 4.2 | Bar. min.;s.s.min.| 1869 . 687 AB} 84.1 
gay || oO || 2B) Bee || 1870} .694| .696| 139.6 | Bar. min.;s.s. max. 
1853 | .741| .748] 50.9 | Bar. max. | 1871 | .708| .702 | 109.6 | 
18590 | 762) eee 4 OG ee || 1872) .697] .705| 101.7 
1860 717 . 730 98.6 | S.s. max. || 1873 .718 - 123 66. 3 
TSH || SoPBS PL |) Ga | 1874 | .760 743 | 44.6 | Bar. max. 
1862) | We roL eye Onl moon | Wee STB |) ace || Tea | 
1863 | 740 715 44.4 | 1876 . 120 - 728 11.3 
1864 658 698 | 47.1 | Bar. min. STi Aue Comal ee Sp elon 
1865, 734 712 2,5) TEYA3 || S@UBs\loas5o5ce 3.4 
1266 720 720 | 17.5 |(Bar. max.) | 
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In Table VI the first column contains 

the names of the several years, from 1854 

to 1878, inclusive; the second column shows 

the annual means of pressure, taken direct- 

ly from the register. In order to eliminate 

minor and irregular variations, the second 
order of means of this series is taken, ard 
this constitutes the third column. The re- 

maining column contains Wolt’s sun-spot 

numbers, as given by Professor Loomis. 

(Am. Journal of Science and Art, April, 

1873, p. 247.) As the numbers are there 

given only through 1871, Professor Loomis 

has kindly furnished me with those for the 

subsequent years. The table indicates a 

fluctuation of annual pressure, having a 

range considerably in excess of the prob- 

able error of a yearly mean. The years 

1856, 1864, and 1870 are those of minimum 
pressure, while maxima fall on the years 

1858, 1866, and 1874. Hence the period 
appears to consist of about eight years, 

with no manifest relation to that of the 

sun-spots. (See adjoining diagram.) 

Table VII shows the fluctuation of baro- 

metricannualrange. Astherange of press- 

ure attains its greatest extent each year du- 

ring the winter months, the annual range 

here considered is the difference between 

the highest corrected reading of the baro- 

meter in any one winter and the lowest 

reading for the same winter; 7. ¢€., the year 

in which each range is taken begins July 

1 and ends June 30. The second column 

of the table contains the names of the 

months in which these highest and lowest readings occurred, the month 

of the maximum being named first in each case. The two columns fol- 

lowing contain the extreme values of pressure, and the next column 

(the fifth) contains the range or difference between them. The periodic 

fluctuation of the numbers in this column is so marked as to admit of 

taking four orders of means, by which the accidental variations are elim- 

inated. The result of this process constitutes the sixth column. The 

seventh and last column contains the series of sun-spot numbers; but 

as the year to which any sun-spot number, as given by Wolf, belongs 

has its beginning and end at January 0, instead of July 0, the sun-spot 

numbers for this column are obtained by taking the first order of means 

OoL62 OLLE2Z 
3 
g 
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of Wolf’s series (that is, the mean of Wolf’s numbers for 1836 and 1837 
is taken as the sun-spot number for the year 1836~37, the mean of the 

given numbers for 1837 and 1838 as the number for 1837~38, ete.). In 

this comparison the observations for the years 1836 to 1853, hitherto 
omitted from this discussion, are included; for though in respect to the 
absolute values of pressure these observations are not comparable with 

the later ones, they may be considered -as fairly comparable as far as 

range is concerned, though less accurate. 

TABLE VII. 

Variation of the Annual Barometric Range. 

g z 8 
a g E 

Months of a Aq a So A 
LCE extremes. A = B A # 

PB be > a rv 
I >) >) g 2 

e = S A 
o o oO ° 5 

H H A a a) 

RSG = 87) jane atle mac sciemtoe wesc cise lomivieicse snioweeiniall Aaaeierenroaisteeer 30. 38 28. 50 TIBS. lessees 103.8 
VSS aBBionise ciel clelsiwielelereletsisiclete siete ele relays cine sterereretal| caarseinteisie ieee are 30. 32 28. 61 1 Ei lea eee 96.8 

TER SEs saoopoosenemaodeppocsanuongesocedsoa| Hadosaaaascabe] 30. 69 29. 00 1. 69 1.78 Tone 

TR St) RA Sasa boenaacaansoeocococnaDseocunqood socosusaacsoos 30. 40 28. 40 2. 00 1.79 60. 1 
184 ON tee ere ses eteistetaioeisiateieieeis tate aia elelsipinin alleen eirericicnictets 30. 42 28. 77 1. 65 1.74 40.7 
SAAD eee ara serena enon eieloe wero isioeie ms iaietsiell Mem eminent 30. 41 28. 75 1. 66 1.70 24.6 
1842-43 , 28. 80 1. 68 1.75 14.0 
1843-"44 28. 61 1. 97 1. 80 *10.8 
1844~-"45 28. 60 1.74 1.79 23.0 
1845-46 - 28. 90 1. 64 ays 40.0 

1846-"47 28. 40 2. 08 ib ¥i7/ 63. 2 

1847-48 28. 88 1. 54 1. 64 89.9 
1848-49 29. 10 pst) 1. 54 798. 0 

1849-50 28. 90 1. 60 1. 63 80. 0 

1850-’51 : I, 28. 64 1. 94 1.78 63. 2 
1851-52 E 28. 605 1 818 1. 83 57.0 

1852-53 E 5 28. 546 1. 830 1. 801 45.0 
1853-54 A i 28.799 1. 664 1. 796 28. 4 
185455 R . 28. 695 1. 969 1. 823 13.0 
1855-56 4 . 38 28. 640 1. 741 1. 835 at to 
1856-57 F i 28. 773 1. 914 1. 809 12.9 

1857-58 5 } 28. 846 1. 723 1h F853 36. 2 
1858-59 F 5 28. 817 1. 629 1. 634 73.6 
1859-’60 i i 28. 948 1.479 1.591 797.5 

1860-61 ‘ . AE 28. 787 1. 644 1. 640 88.0 
1861-62 B 3 28. 779 iby) 1. 698 68. 4 
1862-63 r IK 28. 970 1. 748 1. 670 51.9 
1863-64 . i I 28. 919 1. 500 1. 646 45.7 
1864—’65 . . 3 28. 703 1. 637 1. 734 39.8 

1865-66 F ; 28. 637 2. 035 1. 887 25.0 

1866-67 .. 2 ; 3 28. 543 2. 041 1. 924 PAYS 
SOT ALGB Se so arciclateicteisicis ees ba oeoes eee me oe Feb.-Apr 30. 526 | 28.755 Baral 1. 819 24.1 
ISG S=(69r eo saan ee Ee AS Ee Sp ne ee cee Se ee ee Oct.—Dec 30. 363 | 28. 681 1. 682 1. 688 62.1 
TSG 9 ul eee tees rite aoa poe eee Jan.—Jan 30. 380 | 28. 820 1. 560 1. 586 111.8 
TST OSM ety eit mes aoe one meee APE Ce Jan.—Feb 30.428 | 28. 869 1. 559 1.510 4124. 6 

TSS D7 ea ean ei gE A Dec.-Feb 30.323 | 29.036 | 1.287| 1.527] 105.6 
ARTO TOR eee aN The EN ont Daa Jan.—Mar 30.387 | 28.645 | 1.742 | 1.656 84.0 
a Weir eis a ie oT URINE 2a yd Feb.-Nov 30.453 | 28.509 | 1.944 | 1.762 55. 5 
ACTAMTIG ee eae ae Ec ts ae eae Dec.-Nov 30.372 | 28.807 | 1.565 | 1.777 30. 8 
1 STO Gis case eee reese a ene e Heise eeeece Feb.-Feb 30. 629 | 28. 621 2. 008 1. 740 14.2 
LQ TOL NS Oc MER See eRe Dec.-Dec 30. 320 | 28.824 | 1.496] 1.677 11.8 
NS aS iccatacqe eles terec cic dene cae eeueneese Jan.—Mar 30. 374 | 28. 764 1610" 5s Sccr 7.9 
NT SISHD secwa cree cena te ce ieeanls Doce ee eee Feb.-Dec 80. 458 | 28. 641 LBV a Saeed seeeceer 

In this table a relation between the mean range and the sun-spot 

numbers is obvious at a glance, not a single maximum or minimum of 

the latter series failing to fall on the same year with an opposite phase 

*Years of minimum sun-spots, and maximum barometric range. 

t Years of maximum sun-spots, and minimum barometric range. 
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of the fluctuation of mean range. But there is an additional peculiarity 

of this fluctuation which appears to have nothing in common with that 

of the solar spots except equality of period. 

From each year of minimum sun-spots and maximum range to the 

year of the opposite phases the progress is always uninterrupted, but 

the rise of mean range from the latter point to its next maximum on the 

year of the sun-spot minimum is checked in every instance nearly mid- 

way, or when the sun-spot number is about 40, by a decline lasting in- 

each of the four cases through two years, after which the increase of 
range is resumed. 

The highest corrected barometer-reading since 1853 is 30.687 on Feb- 

ruary 12, 1857, and the lowest is 28.509 on November 18, 1873. Their 
difference, the range in twenty-five years, is 2.178 inches. 

Of the appended diagrams, the first (divided into five sections, and 
marked Parts 1 to 5, forming continuous curves for the year) shows the 

barometric pressure for each day of the year, as given numerically in 

Tables I, 11, and IV. The full (or solid) line exhibits the daily values of 

pressure directly from observations (Table II), while the fine dotted 

curve shows the normal values computed from the periodic function 

(Table I), and the intermediate broken (or coarse dotted) curve is taken 

from the values given in Table IV. Vertical lines are inserted at inter- 

vals, having the middle of their length placed at the height of the 

annual mean (29.719), and showing by their extent upward and down- 

ward the probable error of Table II for the date. The probable error 

of Table LV is also indicated by corresponding marks upon the vertical 

lines. 

Probable errors of Tables II and IV, for each month. 

Jan. | Feb. | Mar.| Apr. May. |[June.|Tuly. Aug.|Sept.| Oct. | Nov. | Dec. 

Table EE --.-.5-.-..-..-.-| «038 |. 0385 | .035 | .031 |.0255 | .622'| ..018 | .020'| .024 | 032 | .037 | .038 
PPADIOWEV) socecricsces is -016 | .016 | .015 | .013 | . 01] | .009 |. 0075 |. 0085 | .012 |.0185 |.0155 | .016 

| | 

The concluding diagram exhibits graphically the connection between 

the fluctuations of barometric range and of sun-spot amount, as given 
in Table VII. 
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Diagram Mustrating Tables 1, Land IV......(Cart 5) 
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Scale of Annual Barometric Range. 
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AN ACCOUNT OF INVESTIGATIONS RELATIVE TO ILLUMINAT- 
ING MATERIALS.* 

By JOSEPH HENRY. 

It has been the policy of the Light-House Board since its first estab- 

lishment not only to adopt the latest improvements which have been 

made in other countries, but also to add by original investigations to 

the sum of knowledge on aids to navigation. In accordance with this 

policy, the Board has endeavored to keep itself informed as to the prog- 

ress of the light-house systems of other countries, and in the erection 

of new towers and the supply of new apparatus to adopt those improve- 

ments which have from actual experience been preferred; and, further- 

more, the committee on experiments have devoted a portion of every 

year to investigations which might develop new facts tending to greater 

economy or efficiency in the various appliances by which the dangers of 

navigation are diminished. 

At the commencement of the operations of the Light-House Board, in 

1852, sperm-oil was generally employed for the purpose of illumination. 

This was an excellent illuminant, but as its price continued to advance 

from year to year, it was thought proper to attempt the introduction of 

some other material. The first attempt of this kind was that of the in- 

troduction of colza-oil, which was generally used in the light-houses of 

Europe, and is extracted from the seed of a species of wild cabbage, 

known in this country as rape, and in France as colza. For this pur- 

pose a quantity of rape-seed was imported from France and distributed 

through the agricultural department of the Patent-Office to different 

parts of the country, with the hope that our farmers might be induced 

to attempt its cultivation. Although the climate of the country ap- 

peared favorable to its growth, and special instructions were prepared 

and distributed by the Light-House Board for its culture and the means 

of producing oil from it, yet the enterprise was not undertaken with 

any approximation to success, except in Wisconsin, where a manufactory 

of rape-seed oil was established by Col. C. S. Hamilton, formerly of the 

[*From the Report of the U. S. Light-House Board for 1875. The researches de- 

scribed in this memoir have a sufficient scientific value and popular interest to fully 

justify their reproduction here.-—S. F. BAIRD. ] 
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United States Army. To this manufactory the Light-House Board gave 

special encouragement, and purchased at a liberal price all the oil that 

could be supplied; the quantity however which could be procured was 

but a small part of the illuminating material required for the annual 

consumption of the Light-House Establishment. 

The price of the sperm-oil still continuing to increase, the Board em- 

ployed Prof. J. H. Alexander, a chemist of Baltimore, to make a series 

of investigations on different oils, to ascertain a method of detecting 

adalterations in them, and to determine the relative economical value 

of different kinds of oil which might serve for use in light-houses. In 

his report Mr. Alexander recommended, as a means of detecting adul- 

terations in oil, a thermal test, which was based upon the amount of 

heat evolved by mixing a given quantity of the oil with sulphurie acid 

of a given specific gravity, and noting the rise of temperature as indi- 

eated by a standard thermometer in a unit of time. For using this 

method, it was proposed to ascertain by actual experiment the heat 

evolved by mixing pure oils with a given quantity of acid, and afterward 

oils adulterated with given quantities of lard or inferior oils. This in- 

genious suggestion was however never reduced to practice. The method 

was too refined; the difference of heat evolved was searcely sufficient 

to be noted unless great precautions were taken to prevent loss by ra- 

diation and conduction, and consequently it could not be employed by 

ordinary inspectors. In regard to lard-oil, Mr. Alexander failed to em- 

ploy the proper method of burning it, and consequently rated it very 

low on the seale of economical value as a light-house illuminant. 

In this stage of the history of the subject we are presenting, the chair- 

man of the committee on experiments commenced himself to investigate 

the qualities of different kinds of oil, and was soon led to direct his at- 

tention to the comparative value of sperm and lard oils. The experi- 

ments made by Mr. Alexander were with small lamps, and the ecompari- 

son in this case, as will be shown, was much against the lard-oil. 

The first experiment of the new series consisted in charging two small 

conical lamps of the capacity of about a half-pint, one with pure sperm- 

oul and the other with lard-oil. These lamps were of single rope wicks, 

each containing the same number of strands; they were lighted at the 

same time, and the photometrical power ascertained by the method of 

shadows. At first the two were nearly equal in brilliancy, but after 

burning about three hours the flame of the lard had declined in photo- 

metric power to about one-fifth of that of the flame of the sperm. The 

question then occurred as to the cause of this decline, and it was sug- 

gested that it might be due—first, to a greater specific gravity in the 

Jard-oil, which would retard the ascent of it in the wick, after the level 

of the oil had been reduced by burning in the lamp; or, second, to a 

want of a sufficient attraction between the oil and the wick to furnish 

the requisite supply as the oil desecnded in the lamp; or, third, it might 
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be due in part to the imperfect liquidity of the oil, which would also 

militate against its use in mechanical lamps. 

The lard-oil was subjected to experiments in regard to each of these 

points. It was found, by the usual method of weighing equal quantities 

of the two fluids, that the specific gravity of the lard was greater than 

that of the sperm; and also by dipping two portions of the same wick 

into the two liquids, and noting the height to which each ascended in a 

given time, that the surface attraction of the sperm was greater than 

that of the lard, or, in other words, the ascensional power of sperm was 

much greater than that of lard at ordinary temperatures. This method 

was also employed in obtaining the relative surface attraction of various 

other liquids; we say surface attraction instead of capillarity, because 

it was found in the course of these investigations that substances which 

had less capillarity—that is, less elevating power in a fine tube—had 

greater power in ascending in the meshes of a wick. 

The relative fluidity of the different oils was obtained by filling in 

succession a pear-shaped vessel, with a narrow neck, of about the ¢a- 

pacity of a pint, having a hole in the lowest part of the bottom of about 

a tenth of an inch in diameter. Such a vessel filled with any number 

of perfect liquids would be emptied in the same time, whatever their spe- 

cific gravity. As at any given horizon, inertia is directly proportional to 

gravity, the heavier the liquid the greater would be the power required 

to move it, but the motive power would be in proportion to the pressure, 

or, in other words, to the weight, and therefore all perfect liquids should 

issue from the same orifice with the same velocity. To test this propo- 

sition, eight fluid ounces of clean mercury, and then the same bulk of 

distilled water, were allowed to run out of the vessel above mentioned ; 

the time observed was the same within the nearest second. It was found, 

in repeating this experiment with sperm and lard oils that the rapidity 

of the flow of the former exceeded considerably that of the latter; the 

ratio of time being 100 to 167. 

The results thus far in these investigations were apparently against 

the use of lard-oil; it was observed however in the experiments on the 

flow of the two oils on different occasions, that a variation in the time 
occurred, which could be attributed only to a variation in the tempera- 

ture at which the experiments were made. In relation to this point the 

effect of an increase of the temperature above that of the atmosphere on 

the flowing of the two oils was observed. By this means the important 

fact was elicited that as the temperature was increased the liquidity ot 

the lard increased in a more rapid degree than that of the sperm, and 

that, at the temperature of about 250° F., the liquidity of the former 

exceeded that of the latter. 

A similur series of experiments was made in regard to the rapidity of 

ascent of the oil in the wick, and with a similar result. At about the 

temperature of that before mentioned, the ascensional power of the lard 
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was greater than that of the sperm. These results were recognized as 

having an important bearing on the question of the application of lard- 

oil as a light-house illuminant. It only required to be burned at a high 

temperature; and as this could be readily obtained in the case of larger 

lamps, there appeared to be no difficulty in its application. 

The previous trials had been with small lamps, with single solid wicks, 

instead of the Fresnel lamp, with hollow burners. After these prelim- 

inary experiments, two light-houses of the first order, at Cape Ann, 

Massachusetts, separated by a distance of only 900 feet, were selected 

as affording excellent facilities for trying, in actual burning, the correct- 

ness of the conclusions which had been arrived at. One of these light- 

houses was supplied with sperm and the other with lard oil, each lamp 

being so trimmed as to exhibit its greatest capacity. It was found by 

photometrical trial that the lamp supplied with lard exceeded in inten- 

sity of light that of the one furnished with sperm. The experiment was 

continued for several months, and the relative volume of the two ma- 

terials carefully observed. The quantity of sperm burned during the 

continuance of the experiment was to that of lard as 100 is to 104. 

The freezing temperature of lard-oil depends upon the temperature 

at which it was expelled by pressure from the animal tissues in which it 

was contained. It is higher however than the freezing temperature of 

sperm, on an average of from 3° to 4°, but this is a matter of no prac- 

tical objection to the substitution of lard for sperm, since the heat 

evolved from an Argand lamp is, in cases where the draught passes 

through the reservoir, sufficient to keep the lard liquid even during the 

lowest external temperature. Indeed, the small difference in tempera- 

ture in freezing of the two oils is a matter of little moment, in cases 

which frequently happen when the temperature of the atmosphere is 

below zero on the Fahrenheit seale. At such a temperature, both oils 

would become alike solid, unless some means were afforded for prevent- 

ing the freezing. 

The next step toward the introduction of lard-oil was the devising of 

a system by which it could be inspected, and the Board assured, before 

it should be too late to remedy the evil, that the lard purchased was of 

a good quality. This was a matter of great importance, and involved 

no small degree of responsibility, since the contractor was entitled to 

his pay immediately after the acceptance of the oil, and while the quan- 

tity purchased amounted annually to nearly 100,000 gallons. 

The conclusion was arrived at that it was impossible, from any single 

test that could be applied to small samples, to determine the quality of 

the oil as applicable to light-house purposes; and that in the present 

state of our knowledge as to its character the following tests are re- 

quired to fully insure in all cases the required quality of the article: 

1. Specific gravity at 60° F. 

2. Liquidity at different temperatures. 
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Oo . Freedom from acids or alkalies. 

. Resistance to freezing. 

. Actual burning in fifth-order lamps for at least ten hours. 

. Photometric power after burning one hour, and again after burning 

hours. 

. The condition of the wick at the end of the burning. 

These tests are of very unequal value, and several of them might be 

dispensed with, were others reduced to an absolute standard determined 

by the actual experience of burning in the light-houses. 

The specific gravity of impure lard and of that which has been ecare- 

fully refined differ but little, and hence, unless the experiment be made 

by means of a delicate balance, the indications will be of comparatively 

little value. Still, as a given sample might contain some foreign sub- 

stance which is not usually mixed with this oil, the test with the hydrom- 

eter should not be omitted. 

In making this test, a cylindrical vessel containing the oil, of suffi- 

cient diameter to permit the hydrometer to float freely without hinder- 

ance from the sides, should be immersed in a vessel containing several 

gallons of water, which, when once reduced to 60° by the addition of 

ice-cold water, can, on account of the great specific heat of water, be 

readily kept at that temperature by a slight addition of cold water from 

time to time, the whole being continually stirred. It is scarcely neces- 

sary to state that the vessel containing the oil must be so weighted at 

the bottom that it will stand erect in the cold bath in which the experi- 

ment is made. 

Liquidity at different temperatures is a test similar in character to 

that of specific gravity ; although the difference in degree of liquidity of 

different kinds of oil, such as sperm, whale, and lard, is very considera- 

ble, the difference between different samples of lard-oil is small. Still, 

this test, for a similar reason to that given for the specific gravity, should 

be applied. 

The test for free acids and alkilies is easily made, and should in no 

case be omitted. A portion is put into beaker-glasses, with a slip of lit- 

mus-paper in one and a slip of tumeric paper in the other, and suffered 

to remain immersed perhaps twenty-four hours; and at the end of that 

time, if one of these papers exhibits no redness and the other no brown- 

ness, the oil may be considered void of free acid and of alkali, both of 

which would lessen its value, the former tending to corrode the lamp 

and the latter interfering with its burning quality. 

Resistance to freezing is an important test, but not as easily applied 

in the case of lard-oil as might at first be imagined. Lard-oil possesses 

the remarkable property of resisting the influence of a low temperature 

if suddenly applied, while it will freeze at a much higher temperature if 

the cold be continued for several hours. 

For example, if a small portion of lard-oil be placed in a test-tube and 

submitted to a rapid diminution of temperature by being plunged in a 

te 

NE Of 
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freezing-mixture, it will remain liquid at a temperature of 19° or 20°, 

whereas it will congeal at a temperature of 40° if suffered to remain at 

that temperature for several hours. 

The plan adopted for determining the freezing-point of different sam- 

ples of oil at one operation consisted in making a series of small open- 

ings, or windows, closed with glass, in the side of a cylindrical wooden 

tub about 25 feet in diameter. Concentric within this tub was placed 

another cylindrical vessel, of smaller diameter, of zinc, filled with a 
freezing-mixture of salt and pounded ice. A series of small beaker- 

glasses, filled with the several samples of oil, were placed opposite the 

windows in the space between the two cylinders, each containing a ther- 

mometer which could be read through the window. The whole was 

then inclosed by a tightly-fitting cover, through which projected the 

handle of a crank by which the freezing-mixture could be stirred. The 

samples of the oil subjected to this cold-air bath gradually pass through 

the several stages of a diminution in limpidity and clearness to opacity 

and solidity, the time of each being noted. 
The most reliable test is that of actual burning in a lamp of the fifth 

order, and the measurement of the photometrical power. ‘The objection 

to the application of this test to the oil of every barrel is the large quan- 

tity of oil required and the amount of labor involved in the proper exe- 

cution of the process. Thus, in testing 60,000 gallons contained in casks 

of forty gallons each, at least 500 gallons would be required. It is 

therefore evident that this test can only be applied to samples selected 

from a given lot, while the single barrels are proved to be of a similar 

character by the more simple tests. 

Another method of insuring that all the casks of a given lot contain 

oil of the same quality, consists in taking a small equal portion from 

each of several casks and mingling them together; the quality of the 

compound being ascertained by the application of burning or the other 

tests. 

The determination of the photometrical power is, in the present state 

of science, unless precaution is observed, a problem of some uncertainty. 

The difficulty is of two kinds, the first to find a photometer which shall 

give the ratio of the two lights, and, second, to find an invariable stand- 

ard to which oil of the proper quality may always be referred. These 

difficulties, I think, can be sufficiently overcome for the practical pur- 

poses of the Light-House Board. The greater difficulty is that of ob- 

taining a standard of reference. For this a sample of lard-oil manu- 

factured by Mr. Alden, of Boston, was at first employed, but this, itself, 

was found to be variable, and hence we were obliged to adopt some 
other standard. The one which has been finally adopted is English 

sperm cand les, which burn with considerable uniformity at the rate of 

120 grains per hour, or two grains per minute. ‘ 

In regard to the investigation, the experiments were carried on under 

many difficulties... They were made at first in the engineer’s office of the 
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second light-house district in Boston, with such appliances as could be 

procured at the moment, with the assistance of Mr. William Goodwin, 

the acting light-house engineer, who took much interest in the subject 

and rendered efiicient service. 

In the erection of a new lamp-shop at the Staten Island depot, care 

was taken to make provision for a dark room in which the photometri- 

cal examinations could be made with more precision than had been ob- 

tained in the temporary apartments previously used. This room extends 

the whole length of the building, is about 80 feet long by 12 wide; the 

windows are closed by iron shutters to exclude the light; and the walls, 

floor, and all other parts are painted black, after being sanded to remove 

any glare which might exist. 

In the first experiments on lard-oil the photometrical process employed 

was that of Rumford, which consists in ascertaining the relative intensity 

of two lights from their distances from a screen ou which shadows of 

equal darkness are thrown by an intermediate body. In this case the 

relative intensities sought are indicated by the square of the distances 

in inches and parts of inches of each light from the screen on which the 

shadows are cast. But this method, which is used by the French man- 

ufacturers of apparatus, and is very simple in theory, does not admit of 

much accuracy. 

The arrangement, therefore, known as Bunsen’s photometer, was in- 

troduced in its stead, and this, with some peculiar modifications, leaves 

nothing to be desired. This arrangement consists in placing two lights 

at the extremity of a scale so divided into distances that the relative 

intensity of the two flames may be immediately read off in terms of 

candle. power when a small intermediate movable sereen is equally illu- 

minated on both sides. This screen is usually formed of a piece of white 

pasteboard of about four inches square, fixed perpendicularly at right 

angles to the length of the scale, in a sliding frame, by which it can be 

brought nearer to or farther from one of the lights. In the center of 

this square is a circular hole of about half an inch in diameter, which 

is closed by a piece of thin paper, rendered translucent by a solution of 

spermaceti in oil of turpentine. This forms a spot which is darker than 

the other parts of the white screen, and is equally dark on both sur- 

faces when the screen is receiving an equal quantity of light from each 

flame; the screen is moved backward and forward until this effect is 

produced, and the index will then point on the graduated scale to the 

number of the relative power of one of the lights in the terms of the 

other. 
The screen may also be made of thin paper, the whole of which is 

rendered translucent except a round spot in the center, of half an inch 

in diameter. If a light is placed before the screen on one side, the 

whole of the greased part will appear dark, on account of part of the 

light going through the translucent portion. If, now, another light be 

placed on the opposite side, an equal portion will be transmitted through 

the peliucid part, and the two surfaces will appear of like intensity when 
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the two lights are equal, or when from their respective distances they 

throw equal amounts of light on the two faces of the screen. 

In order that both sides may be seen at the same moment without 

moving the head on one edge of the screen, two mirrors, making with 

each other an angle of 90°, are placed so that the screen itself will 

bisect the angle. 

For dividing the scale into parts related to each other as the square 

of their distances from a center, the following formula and table will 

furnish the means. Let a be the length of the scale, and x the distance 

from the candle end to the movable screen; then a—zw is the distance 

between the lamp end and the end of the screen. Denote the degree of 
illuminination on the candle and lamp sides of the screen by L and L/ 

respectively. Let the intensity of the candle end equal one candle, 

while that of the lamp is x candles. Then, since the illumination of the 

screen varies directly as the intensity and inversely as the square of the 

distance, we have the following proportion: 

ined eee 1 a 
ATE om (a—x)?, and when L=L’ we have (a—«x)? =nz? whence 

W 
1 = = . . 

LITE, Any es For convenience of using this formula it is best to change 
n 

: vn—1 
its form into «=a asl 

The following table has been computed by calling the length of the 

scale 100 and assigning successive integral values to n, from 1 to 100 

The column A shows the value of «x for each assumed value of n: 

| | | 

Number | Number | | Number | Number 
of can- A of can- A | of can- | A of ean- A 
dles. | dies. dles. dles. 

| | 

1 50. 00 26 16. 40 51 12. 28 76 10. 29 
2 41, 42 27 16.14 | 52 12.18 77 10, 23 
3| 36.60 98| 15.89 | 53| 12, 08 78 | 10.17 
4 3B} aR) 29 15. 66 |] 54 | PIAS 79 | 10.11 
5 30. 90 | 30 15, 44 || 55 11. 8&8 80 10. 05 
6 28. 99 31 15. 23 || 56 ils 7) 81 10. 00 
7 27. 43 32 15. 02 57 11.70 | 82 9. 94 
8 26. 12 33 14, 89 58 | 11.61 || 83 9, 89 
9 25. 00 | 34 14, 64 | 59 | 1525) 84 9. 84 

10 24. 03 30 14, 46 | 60 | 11, 43 || 85 | 9.79 
11 PB 1/ 36 14, 29 | 61 | 1. 35 86 9,73 
12 22. 40 || 37 14, 12 62 | Tile 7 87 9. 68 
1B 91.71 | 38 13. 96 | 63 | Yans19 88 9. 63 
14 21. 08 39 13. 80 64 maleate lt 89 9.58 
15 20. 52 40 13. 65 65 11. 04 90 9. 54 
16 20. 00 41 iB} Syl | 66 10. 96 91 9, 49 
17 19. 52 42 13. 37 67 10. 89 92 9, 44 
18 19. 07 43 13523 68 10. 82 93 9, 40 
19 18. 66 | 44 13. 10 69 | 10. 75 94 | Ir35 
20 18. 27 45 12.97 || 70 | 10. 68 95 Noll 
21 17.91 || 46 12. 85 | ae 10. 61 96 9, 26 
22 17.58 || AZ 125735) 72 10.54 97 9, 22 
23 25 48 PHL | 73 10. 48 98 9:17 
24 16. 95 || 49 12. 50 | 74 10. 41 99 9,13 
25 16. 67 | 50 12. 39 || 75 10. 35 100 9, 09 -— + 
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The standard adopted with which to compare all other lights is, as 

we have said, that of the London sperm candle, which, under ordinary 

conditions, burns 120 grains of sperm per hour. If it burns more or 

less than this amount during the trial, a correction of a proportional 

amount is made in the results. 

This standard however is too small for determining the power of 

large lamps, and for this purpose an intermediate standard is provision- 

ally adopted. For example, in determining the power of a lamp of the 

first order, the power of a lamp of the fourth order is first obtained, and 

this is used as a comparison with the larger lamp. 

In the case of the arrangement at the Staten Island depot, for photo- 

metrical measurements, three scales are employed, diverging from a 
center at which the iamp to be measured is temporarily placed; at the 

farther end of each scale is placed a sperm candle, to serve as the stand- 

ard of comparison. These scales are of different lengths, one being 

100 inches in length, another 150 inches, and the third 200 inches; be- 

sides these, one of the svales is occasionally replaced by one of 700 

inches in length, which is put up in sections. 

As the semi-diameter of the burner of the lamp and that of the can- 

dle must be included in the length of the scale, a portion of the latter 

at each end is cut off. In adjusting the scales, therefore, to their places, 

the measurement must be taken from the middle of each scale; thus, in 

the case of the one of 200 inches in length, the middle of it must be just 

109 inches from the center of the lamp on one side, and 100 inckes from 

the center of the candle on the other. In making the examination, three 

observers simultaneously, one at each scale, take the photometric read- 

ings, and the mean of the three results is adopted as the candle-power 

of the light under examination. 

In the examination of oil previous to purchase, as we have said be- 

fore, a lamp of the fifth order is charged with the oil in question, and 

when in a state of equilibrium of combustion it is subjected to the trial. 

For greater precision ten readings are taken on one side of the scale, 

and then the photometer is reversed and as many taken from the oppo- 

site side. In this way the mean of sixty readings, twenty on each 

scale, furnishes the data on which the character of the oil principally 

rests. As a means of simultaneously weighing the candles for checking 

the effects of their irregular burning, three balances are provided, each 

of which bears one of the candles in a socket supported by a metallic 

link, through which the scale-beam passes and is attached to the hook 

of the scale-pan below. 

On the opposite scale-pan a series of grain weights are placed, which 

can be taken off without disturbing the equilibrium of the scale, by a 

pair of pincers; the interval of time during which a given grain weight 

is burned is marked by a watch. If the interval is equal to two grains 

for each minute, the candle is burning at its normal rate ; if not, a cor- 
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rection is made by simple proportion, which is applied to the measure- 

ment previously obtained. : 

The lamps containing the oil for trial are lighted and trimmed in an 

adjoining apartment. They are introduced into the dark room through 

a window closed with a sliding shutter. In order to prevent an over- 

flow of oil at the burner by the oscillation of the liquid in the reservoir 

by the agitation of transfer, each lamp is placed ona small carriage 

moving on a railway, which, passing through the window, enables the 

lamp to be placed in its position with rapidity, and without the slight- 

est disturbance of the equilibrium of the oil. 

The temperature of the room is also noted, and, as far as possible, it 
is kept at a heat of not far from 70°. For this purpose, during warm 

weather the inspection may be made at night. 

For reading the divisions on the scales in the dark room, a mirror is 

employed to throw the light of the lamp under inspection on the grad- 

uation. 

To exclude all extraneous light, the three candles and the lamp to be 

tested are each surrounded by a cylindrical sheet-iron screen, painted 

black, through which a hole a little larger than the flame allows the light 

to pass along the scale to the photometer. The trial-lamps are those of 

the fifth order. Hach, after it has been lighted, is allowed to burn an 

hour before being submitted to the photometrical measurement. If it 

gives a power less than 8 candles, the oil is rejected. If it passes that 

test, it is then allowed to burn undisturbed without being trimmed for 

8 or 9 hours longer, and if it is found at the end of that time to exhibit 

no diminution in the brilliancy of the light it is considered worthy ot 

adoption, especially if after this it continues to burn 4 or 5 hours with 

no perceptible diminution which can be detected with the naked eye. 

The best lard-oil will burn 16 hours without trimming. 

Wach candle before the measurement commences is suffered to burn 

until it has assumed a perfect and uniform rate of consumption; it 

should be prevented from guttering by removing a portion of the melted 

spermaceti which may accumulate in the cup at the top of the candle 

beyond the power of the feeble incipient flame to consume, by absorb- 

ing it by one end of a strand of candle-wick cautiously introduced. If 

any portion of the spermaceti is suffered to run down the side of the 

candle and drop off below, the correction for variation in burning will 

be worthless. 

All materials for the use of the Light-House Establishment are pur- 

chased by contract in accordance with published specifications as re- 

gards quality and certain conditions. The award is given to the lowest 

bidder, provided he can offer trustworthy surety as to his ability to 

fulfill the contract. Preference is however given when bids are equal, 

or nearly so, to the bidder who is a manufacturer of the oil and not a 

mere vender of the article. During the inspection permission is granted 

to the contractor to be present at the operation, in order that he may 
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be assured that full justice is done him in the examination. After see- 

ing the precision with which the photometric and other processes are 

conducted, he is generally fully satisfied as to the results obtained, even 

though his oil may have been rejected. 

The oil is delivered in iron-bound casks, varying from 38 to 50 gal- 

lons. These are placed, previous to inspection, under a shed and ar- 

ranged in different lots, each containing oil of the same quality. From 

different casks samples are taken in tin canisters of a capacity of about 

half a gallon; each canister being marked with the number of the lot 

and the cask from which the oil was taken. Before the sample is drawn 

from the cask the oil within is thoroughly mixed by rolling the cask, or 

by stirring. The object of this is to obtain in the sample an average 

amount of solid matter which may be contained in the oil. 

The purest lard-oil is that which is manufactured by submitting the 

solid leaf lard to great pressure during the coldest period of winter. 

Oil of this quality is used for burning in small mechanical lamps; it 

gives 2 bright flame and does not inerust the wick. The light-house 

lamps however being of a much larger size and evolving a much 

greater amount of heat, can consume oil of a coarser character; and 

indeed it has been found that oil containing a certain amount of solid 

matter, provided the latter is not too much in quantity to be consumed 

by the lamp, gives a higher illuminating power. On this account, be- 

fore this fact was generally known in the trade, complaints were made 

of the Light-House Board giving the preterence to oil which, in the 

market, would not be considered of the first quality. 

The quantity of oil is estimated by weight, allowing 7.6 pounds per 

gallon. It is weighed in gross and afterward emptied into large tanks 

in an underground vault. The empty barrels are next weighed ; the 

weight of these deducted gives the net weight of the oil. 

Previous to the establishment of the general light-house depot at 

Staten Island, from which all the supplies are now distributed, and the 
lamps and other light-house appliances are prepared for immediate use, 

the oil was received at various ports along the coast, in accordance 

with terms of the contract, and was stored until wanted for use, in cel- 

lars hired for that purpose. 

The Board however after the introduction of lard-oil, constructed 

a spacious underground receptacle capable of containing 50,000 gallons 

of oil, and retaining it during the whole year at a temperature not to 

exceed 65° Fahrenheit. 

The underground vault contains five tanks, each of the capacity of 

-ten thousand gallons. On each tank is a register, consisting of a glass 

tube so divided as to give the contents in hundreds of gallons. The oil 

is delivered in three installments: The first on the 1st of May, the sec- 

ond on the 10th of June, and the third on the 22d of July. The vault 

and tanks were constructed under the direction of General Poe while 

engineer secretary of the board, who also took a lively interest in the 
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introduction of lard-oil and in the preliminary experiments for deter- 

mining its quality. 

A photometer room was afterward fitted up in the Smithsonian Insti- 

tution, in which several series of investigations were made in regard to 

the illuminating power of different oils. At the same time a series of 

experiments was undertaken relative to their chemical characters and 

conditions; in which experiments the chairman was assisted by Prof. 

C. M. Wetherill, whose untimely loss the science of this country has 

been called to mourn. Among the investigations in the laboratory are 

the following, relative to the expansions of different oils, intended to 

facilitate the purchase, the measurements being made at different tem. 

peratures. To obviate the necessity of the correction for temperature, 

the oil is now purchased by weight. The following results may how- 

ever be of value in the application of different oils to light-house pur- 

poses: 

EXPERIMENTS UPON LIGHT-HOUSE OILS. 

[ Density and volume of oils (and water) at different temperatures. ] 

Whale (unre- 
So) Sperm oil. | fined). | Lard (refined). | Lard (unrefined). 

Soe | 
ra £ | Volume. | Density. Volume. | Density.; Volume. Density. Volume. | Density. 

| 

4° 1.0000 | 0.89256 | 1.0000 | 0.92825 | 1.0000 | 0.92488 |..-......)--2-. 222. 
G9 2-3)! 1. 0053 | 0.88783 | 1.0049 | 0.92370 | 1.0042 | 0.92103 | 1.0000 | 0.92036 
15° 1.0095 | 0.88418 | 1.0095 | 0.91952 | 1.0093 | 0.91632 | 1.0051 | 0.91614 
20° 1.0134 | 0.88072 | 1.0145 | 0.91498 | 1.0124 | 0.91356 | 1.0109 | 0.91090 
5° ....] 1.0168 | 0.87778 | 1.0166 | 0.91311 | 1.0164 ; 0.90992 | 1.0146 | 0.90760 

30° ....] 1.0208 | 0.87432 | 1.0200 | 0.90999 | 1.0204 | 0.90641 | 1.1169 | 0.90556 
30° 1. 0243 | 0.87139 | 1.0236 | 0.90688 | 1.0237 | 0.90351 | 1.0204; 0.90247 
40° 1. 0286 | 0.86721 | 1.0297 | 0.90146 | 1.0278 | 0.89986 | 1.0244 | 0.89897 

Alcohol (Pierre), 
Bo5 Kerosene. Water (C.M. W.).| Water (Kopp). vol. at0° C.=1 
Bey vol. 

gé 
oO ~ 

~*~ | Volume. Density. | Volume. | Density. | Volume. | Density. (OF Density. 

AIS) 1.0000 | 0.81199 | 1.00000 | 1.00000 | 1.0000 | 1.00000 0° 1. 0000 
LOS 1. 0050 | 0.80799 | 1.00048 } 0.99952 | 1.0003 | 0.99975 10° 1. 0107 
15° 1.0106 | 0.80347 | 1.00086 | 0.99915 | 1.0008 | 0.99918 20° 1. 0217 
20° 1.0152 | 0.79984 | 1.00176 |.0.99824 | 1.0017 | 0.99831 30° 1, 0331 
25° 1.0187 | 0.79709 | 1.00303 | 0.99698 | 1.0025 | 0.99717 40° 1. 0448 
30° 1. 0234 | 0.79346 | 1.00447 | 0.99555 | 1.0042 | 0.99579 || ...--.-|.----.---- 
SiS 1202 76510279020 211006197) (05993845 ee sev eee le eeeee | ieee ee ea eee 
40° 103270 Os7S674" |, 100774) 03992305) Fee nce | eee tees 
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ORGANIC ANALYSES OF LIGHT-HOUSE OILS. 

No. 1.—Refined winter-pressed lard-oil. 

First ex-| Second ex- By ealeula- 
periment. | periment. | - Mean: tion. 

Lang Se GOCg Se Bae ee eae 76, 87 76.53 | 76.75) | 1 Cx, anton ae 
iy dTOg en). ---- <6 -~ <ennen\>-----| 158 11.63 1161 | EG TES63 

Oxy COM eter eaten ene SAS er Sal SaCroo eae EoS TAS GAT Ore laos 

Honma a— Cray Os ese sao |e ec oeiseeser lbeeees coe ce 100. 00 100. 00 

No. 2.—Orude lard-oil. 

Chnltiine=2555 Ssasuu aces cece aee 77. 07 76. 70 (Ox 88ulesacenenccee 

Ghani 66 (heo5 esoue need aee Gaee idirerae 11. 69 113 Vet Gl ese eee occ 

(OnE Seana Gen DOU aE OO TOCOBE End Bape ape erccl | pocpcorconor VAS 410 eee See 

Se iee oeer eee ote | T0000 | eas eee 

Carbone ees seen ee oe ecieeeee 79, 52 | 79.41 79.46 | Cr3— 79.70 

Ebyarogen| essen. see eases oo</-t- 12. 28 12. 28 12.28 | Hyg — 12. 28 

CRIMES Radobe Canoe SEEeeptecr ay |Cseeonseeor | Snape ea 8.26 | O, — 8.02 

iormula— iO liq Opeeee eines soso | HS eee | See a pe 100. 00 

EXPERIMENTS OF MIXING OILS WITH OIL OF VITRIOL OF 66° BEAUME, 

ADE OZO PH: 

First experiment.— Winter-pressed lard-oil. 

[Of oil, 2 fluid ounces ; of acid, 1 fluid ounce: | 

Temperature of oil before n ixing.....----..---+--+--+--++-- 70° F. 

Temperature of oil after slow mixing..----. .--.-.-+--+------ 130° 

‘WIPRDOS SAR oie On eeee Beno OER oman L Cots oc coluadad 6 adons 60° 

At the expiration of 3 minutes, temperature..-...-.-...----- 134° 

At the expiration of 4 minutes, temperature........-.-.--.--- 134° 

Second experiment.— Winter-pressed lard-oil. 

Temperature before mixing..-.-.---.---- ------ ---+-ee+ ++ 70° F. 

Temperature after mixing rapidly...... ---------.---- +--+: 169° 

METOMCG SA cis belt miene ieee emer. foun ea ehotele clete © nie ravolalele tobi aierare 99° 
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Third experiment.— Winter-pressed lard-oil, 

Pemperature before mrxine. o-2.. = sae cnge ee eee ee ee ee 

Temperature atter MIXING eo. 2) asi ee Ee Eee ee 165° 

Difference: -—.- OE Orde cee Sm ca eee aan 1 Say 95° 

Fourth experiment.—Crude lard-oil. 

Temperature before mixing...-...-. PRs bods, ache gee tee Ne ene 66° F. 

Temperature-atcer mre Ine. 6. se cee ye eee eee 164° 

Diflerence 2.5.6. Agen Soe Sek wesc ee atone ety en ed eee te OOO 

REFRIGERATION OF THE OILS. 

Those experimented upon were whale, sperm, refined lard, and crude 

lard. 
First experiment. 

At 30°.2 F. they were all sirupy; in the crude lard-oil a yellowish 

solid began to separate. 

At 26°.6 the sperm-oil began to solidify. 

At 24°.8 the refined lard began to yield a white precipitate. 

At 17°.6 the whale-oil was a thick sirup, without deposit. The crude 

lard-oil was quite hard. The pure lard-oil was not as hard as the crude 

lard-oil. The sperm-oil was not as hard as the pure lard-oil. These ex- 

periments performed in test tubes. 

Second experiment. 

Upon pure winter-pressed lard-oil, in a test tube. 

At 179.6 F., begins to deposit flakes of solid matter. 

At 14° is quite thick. 

At 10°.4 it is perfectly solid. 

If, now, the temperature rises, a small portion of the oil remains solid 

until the temperature reaches 44°.6. 

Third experiment. 

The oils were placed in large cylinders and exposed to a temperature 

of 24°98 F., with the following results: 

Crude lard-oil, much sediment. 
Sperm-oil, ditto. 

Pure refined lard-oil, a little sediment. 

Winter-strained lard-oil, very little sediment. 

Whale-oil, no sediment. 

Sele 

ais ww 

Su acs 

In the use of sperm-oil, it was found that the purer it could be ob- 

tained the better, and hence it was the custom to strain the oil through 
clean white sand previous to using it, and also the drippings. In the 

case of lard however, it was found that removing all the solid matter 

diminished its photometric power. 
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All fatty oils absorb oxygen, which unites with them to form oxides 

of their combustible ingredients; oil therefore freely exposed to the air, 

must in time gradually diminish in its power of combustion. It should 

not, therefore, be open to the atmosphere when the oil is to be stored, 

but covered with a thin wooden plane, which floats upon the surface of 
the oil, and thus in a great measure excludes the air. The freezing of 

lard-oil does not appear to affect its quality. 

Considerable difficulty was experienced in the introduction of lard- 

oil, on account of the objection to it on the part of the keepers; in some 

cases from the want of experience in using it, and in others from the in- 
terference of venders of sperm-oil. This difficulty however was obvi- 

ated by a resolution of the board, by which any keeper that declared 

his inability to burn lard-oil should be requested to resign, smee it had 

been abundantly proved that this oil, with proper management, could 

be made favorably to compete with sperm. Its introduction was a mat- 

ter of great importance in an economical point of view; it saved the gov- 

ernment $100,000 annually for several years. 

Another important step in the introduction of lard-oil was that of fur- 

nishing a lamp which would burn it with the greatest perfection. This 

was due to the invention of Mr. Joseph Funck, foreman of the lamp- 

shop. As we have said, in order to burn lard-oil it is necessary it 
should be kept at a high temperature, and for this purpose the heat of 

the draught of the lamp was passed through the center of the reservoir. 

Previous to the change in the illuminating material there had been 

used in the Light-House Establishment three classes of lamps, viz, the 

mechanical lamp for the first, second, and third orders, and the moder- 

ator and fountain lamps for the fourth, fifth, and sixth orders. 

In the mechanical lamp the oil was placed in a reservoir below the 

burner, and pumped up by means of clock-work. This apparatus is of a 

complicated character, and is subject to derangement. The valves must 

be renewed from time to time, and the clock-work cleaned. The proper 

performance of these operations is beyond the skill of an ordinary keeper, 

and requires the frequent aid of a trained lampist. 

The moderator lamp is less complicated, and was invented to obviate 

the difficulties just mentioned. In this the oil is elevated by the descent 

of a heavy piston, and forced up through a small conical hole, the flow 

being regulated by the conical end of a wire, which is gradually with. 

drawn as the weight descends, so as to give a less-obstructed flow as 

the hydrostatic pressure of the oil increases. From this arrangement 

it takes its name of moderator lamp. This apparatus however is liable 

to irregularity on account of derangement of the supplying apparatus, 

the varying friction of the packing of the piston, as well as the change 

in the flow of the quantity of oil, owing to its less liquidity due to a dimi- 

nution in temperature. 

The reservoir of the fountain-lamp consists in an air-tight vessel, 

usually cylindrical, from the bottom of which descends a tube, terminat- 

S. Mis. 31 32 
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ing at the open end in a small cup, from which the burner is directly 

supplied with oil on the well-known principle of the bird fountain, this 
vessel being filled with oil by inverting it and pouring in the liquid 

through the open end of the tube. It is then reinverted and the end of 

the tube inserted in the small cup below the level of the oil which it 

eontains. The oil in the reservoir in this condition is supported by the 

pressure of the atmosphere on the surface of the oil in the cup. When 

this surface is lowered by burning, the end of the tube is opened, and 

a bubble of air passes up and an equal bulk of oil descends, and in this 
way a nearly constant level of oil is maintained. I say nearly constant 

because the air which goes up is of some volume and in the act of pass- 

ing up produces an oscillation which, in some degree, affects the stead- 

iness of the burning of the flame. 

There is however a greater defect in this lamp from the oscillations in 

the level when the reservoir has been exhausted of a considerable por- 

tion of its charge of oil. In this case the arrangement is one similar to 

an air thermometer with a large bulb, and is affected by a sudden draught 

produced by the opening and shutting of a door or the ordinary ventila- 

tion of the lantern. This was partly remedied by bending the tube, and 

thereby increasing the resistance to a sudden change in the level of the 

oil. 

The improvement of Mr. Funck consisted in substituting for these 

lamps one of constant level, in which the oil is placed above the burner, 
and the flow of oil necessary for perfect combustion is regulated by a 

small floating piston, placed in an enlarged portion of the supply-tube, 

and carrying on its upper surface a conical projection which increases 

or diminishes the size of the supplying orifice in accordance with the 

rapidity of combustion. This lamp is not only free from the objections 

pertaining to the other lamps, but is less expensive and better adapted 

to the burning of lard-oil. It affords a freer combustion, and conse- 

quently a more intense light, though at the cost of a larger amount of 

the burning material. 
In this lamp the heated air and products of combustion pass through 

a cylindrical opening in the reservoir, which is placed directly above 

the lamp, the opening in it forming as it were a prolongation of the 

chimney, thus not only preventing the oil from freezing in the coldest 

weather, but supplying it to the burner at the temperature best adapted 

for perfect combustion. 

In regard to the comparative character of lard and colza oil, we may 

be allowed to print the following letter from Colonel Hamilton, the man- 
ufacturer of the latter oil, who was present at the trial to which he 

alludes: 
Fond Du Lac, Wis., May 16, 1868. 

DEAR ComMMODORE: I must confess my great disappointment at 

the result of the experiments at Staten Island. It is however not really 

so much the failure of rape-seed oil, as the undeniable excellence of lard- 
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oil as a burner. I fully believe that our rape-seed oil of this year is as 

good as any that was ever made in Europe, and I know it is far better 

than any we have ever before made. Iam satisfied now that, for self- 
heating lamps, there is no oil that will bear comparison with lard, but I 

am equally satisfied that no colza oil will yield a better result than ours, 

under exactly the same tests. We have but one more experiment to 

make with colza; it is its extraction by chemical displacement. If this 

fails, we sball abandon the whole business. 

If all things are put together, I think the following statement will 

be allowed, to wit: Our colza oil is equal to any foreign colza. It is better 

than any wehave heretofore made. It is betterthan sperm or any other 

burner, excepting only lard-oil. Our failure then is owing to the supe- 

rior excellence of lard-oil, which, under the persistent investigation of 

the board, has been shown to be the best and cheapest safe illuminator 

available. 

The board are entitled to great credit in producing this result. It 

will be remembered that but a few years since lard-oil was pronounced 

unsuitable for light-house purposes, but the perseverence of the board 

has brought out the fact that it is much the best and cheapest oil, and 

that the expenses of lighting the coast and harbors have been thereby 

greatly reduced. Surely the country at large should acknowledge this, 

and give due credit to the board. We have endeavored to do with colza 

what the board have effected with lard-oil, and we have been unsuccess- 
ful both for ourselves and the light-house interest. The undertaking 

has been no source of profit to us, and had the capital and time that 

have been devoted to colza been used in our other branch of manufae- 

ture (linseed oil), it would at least have reimbursed us with a fair re- 
munerative return. As regards the oil we have offered, we have hoped 
the board would take it. I do not think we can improve upon the qual- 

ity, and it is the last we shall venture to offer to the acceptance of the 

board, for we shall henceforth abandon the manufacture, except for local 

wants. 

We are grateful to each member of the board for the interest they 

have always shown in our undertaking, and for their uniform kindness 

and courtesy. Accept, my dear commodore, for yourself and your asso- 

ciates in the board, my warmest thanks for your many kind expressions 

of interest, and believe me, truly and gratefully, yours, 
C. S. HAMILTON. 

Com. A. A. HARWooD, U.S. N., 
Secretary Light-House Board, Washington, D. C. 

From the date of the introduction of lard-oil in 1865, ’66, and 67, until 

the end of 1873, when the attention of the board was again directed to 

the study of mineral oil, continual improvements were made in the pro- 

cesses of its preservation and inspection, and also in the lamps and 

other appliances for its employment, and nothing further as a light-house 
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illuminant was required. It is therefore with regret that we are urged, 
on account of the increased price of the article, due in some degree to 

the reputation asa burning material given it by the board itself, to sub- 

stitute for it a less reliable but a much more economical material. 

At the time lard-oil was introduced a series of experiments was made 

on the comparative value of the different petroleum oils used in this 

country. They were however all considered too dangerous to be in- 

trusted to the ordinary keepers of the light-stations of our coast. Since 

the date however of these investigations, improvements have been made 
in the manufacture of these oils, by which a much greater range has been 

obtained in the temperature at which they give off an explosive vapor. 

During the last two years, therefore, a new series of investigations has 

been made relative to these illuminating agents, of which we propose in 

the succeding pages to give a brief account. 

The crude petroleums of the Pennsylvania oil region are of a greenish 

or yellowish appearance, and have a specific gravity of 45° to 49° 

Beaumé, at a temperature of 60° Fahrenheit. Some are so volatile as 

to evaporate rapidly at the ordinary temperature of the air, rendering it 

dangerous to approach an open cask of crude petroleum with a flame; 

others are much less volatile, requiring a temperature of from 200° to 

300° F. to vaporize them. The volatility of the hydro-carbons is inti- 

mately connected with their specific gravity. They become heavier as 

the volatile ingredients are driven off by heat. The inflammability of 

the oils is also connected with their volatility and the specific gravity. 

The light volatile oils ignite, as we have said, on the approach of a burn- 

ing match at ordinary temperatures, while the heavier require a higher 

temperature forignition. The process of manufacturing these oils con- 

sists in separating them from each other as they occur in the crude oil 

of the springs by what is called fractional distillation ; for this purpose 

the crude oil is placed in an iron still provided with a worm of the same 

metal submerged in a tank of water for cooling it; the still is then grad- 

ually heated ; the first product that passes over is gaseous at ordinary 

temperatures, and can only be condensed into a liquid form by cooling 

the worm with ice, or by compressing the gas with an air-pump into a 

Strong receiver. After all the vapor is given off at the temperature, say 

at 90° F., the temperature of the liquid in the still is raised, a liquid is 

produced which exhales in vapor at a higher temperature and is of 

greater density—and so on, a series of liquids are produced, each of 

which requires to be heated to a higher degree before taking fire on the 

approach of a lighted match—these more volatile vapors are heavier 

than atmospheric air, and when suffered to escape from the cask con- 
taining them in a separate state will flow along the surface of the floor 
of a room, and reaching a distant fire-place will ignite, and burning 

backward to the reservoir will set fire to the oil from which they ema- 

nated. 

Many serious accidents have occurred in this way, by the firing of a 
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canister containing petroleum oil which has been left open, although at 

a distance in some cases of from 20 to 30 feet from a lighted fire. An- 

other source of danger from the lighted oils from which the more volatile 

vapors arise results from the fact that these vapors when mixed with a 

certain portion of atmospheric air explode on the approach of a flame 

with extreme violence. When the proportions of vapor and air are 

equal no explosion takes place; but when they are in the ratio of 10 

parts of the vapor in volume to 100 parts of air the explosion is most 

violent; when the quantity of air or of petroleum vapor is increased or 

diminished the explosion is less violent until one or other becomes ex- 

cessive, when the vapor kindles without explosion, as is the case with 
ordinary street gas when issuing from the burner. 

A notable case of the explosive quality of a mixture of petroleum 

vapor and air occured in connection with the light-house service in 1864, 

on Lake Michigan. The keeper in one of the light-houses of this dis- 

trict substituted on his own responsibility an ordinary kerosene lamp of 

tinned iron, fer the usual lard-oil lamp. This gave a good light and re- 

quired no trimming during the night; it burned well for several nights, 

and the keeper congratulated himself on the success of what he consid- 

ered a very important experiment. Unfortunately however on the last 

morning that the lamp was used, he attempted to put itout in the usnal 

way by blowing the air from his lungs down the chimney, when an ex- 

plosion took place, which scattered the oil in a burning state over the 

deck of the tower and also on his clothes; in his fright he ran down 

the stairs of the tower, and had scarcely reached the ground when a 

violent explosion was heard above, which blew off the whole lantern 

and broke the lenticular apparatus. 

The explanation of these two explosions is not difficult. The burning 

of the oil during the night left a space void of the liquid in the reser- 

voir of the lamp, which was filled with air and vapor, which happened 

on this occasion to be near the explosive proportions ; on blowing air 

down the chimney it mingled with the vapor furnishing the quantity 

necessary for the violent combination, and consequently the explosion 

occurred which broké the lamp. The second explosion was caused by 

the ascent of the vapor from the burning oil on the deck, and took place 

when the quantity exhaled amounted to a tenth part of the volume of 

air present. The two then suddenly rushed into combination, producing 

the effects that we have mentioned. 

Under favorable circumstances this lamp lighted with kerosene might 

have burned silently for several weeks, but in accordance with the doc- 

trine of chances, time enough being given, an explosion was inevitable. 

Facts of this kind in connection with the difficulty experienced in burn- 

ing mineral oil in light-house lamps induced the Light-House Board to 

adopt lard-oil. 

Various experiments have however been made from time to time by 

the Light-House Board with a view to the introduction of petroleum as 



502 INVESTIGATIONS RELATIVE TO ILLUMINATING MATERIALS. 

an illuminating material, as soon as oil could be obtained in this country 

of a suitable character, lard-oil having advanced in price to such a de- 

gree as to render this change desirable in an economical point of view. 

In the mean time experiments had also been made in France and 

England for the purpose of introducing mineral oil as a light-house illu- 

minant, but it was not until 1873 or 1874 that the result was entirely 

satisfactory. 

The process of manufacturing the oil has been very much improved 

in this country of late years, and there are now several companies which 

profess to produce oil entirely safe, and otherwise suitable for light- 

house purposes. In view of further experiments with mineral oil, an 

advertisement was inserted in the papers, in 1874, requesting man- 

ufacturers to send samples of their oils to be tested at the Light-House 

depot at Staten Island, and in accordance with this a number of speci- 

mens were received and submitted to examination. 

The first test to which the oils thus furnished were submitted was 

that of flashing, that is, the determination of the temperature at which 

the oil gives off a vapor which will flash into a flame on the approach of 

a small taper, or, in other words, which indicates the rise of a vapor 

which, mixed with atmospheric air, will tend to produce an explosion. 

The flashing temperature differs however from that at which the liquid 

takes fire as a whole. This will be understood if we suppose that two 

liquids have been mixed together, a light and a heavy one; the flash in 

this case will be due to the vapor from the lighter mixture, while the 
burning is due to the temperature at which the compound is fired. To 

make this flashing test requires considerable precautions. First, the oil 

to be tried is gradually heated by a spirit-lamp in a water-bath, a sensi- 

tive thermometer being suspended in the oil with the bulb slightly be- 

low the surface, the heat of the water is very slowly increased by re- 

moving from time to time the spirit-lamp from under the basin of the 

water-bath which contains the oil, and the point of flashing is obtained 
by passing over the surface of the oil a small flame until the first indi- 

cation of flash is observed. ‘The flame should not be so large as to heat 

the surface, and is best produced by a very small jet of gas from a glass 

tube drawn nearly to a point and connected with the gas pipe of the 

house by a tube of India-rubber, the quantity of gas being regulated by 

a stop-cock, so that the flame is a mere pencil of light about a quarter 

of an inch in length and a twentieth in diameter. The basin which 

contains the oil is about four inches in diameter, and is sometimes cov- 

ered with a plate of thin glass, the thermometer passing through an ap- 

erture in this cover, and a larger hole being left open in the same for 

inserting the pencil of the flame. The basin containing the oil is some- 

times left entirely open, the cover being discarded, but we do not think 

this as safe a method as the other. Great caution must be taken in 

raising the temperature very gradually, so that every part of the liquid 

may have the same heat and the thermometer thus truly indicate the tem- 
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perature. If the rise of the temperature be very sudden, the thermom- 

eter will not respond, and the real flashing temperature will be higher 
than that which is indicated. 

The next test is that of firing of the mass of the liquid, which is some- 

times 10 or 12 degrees higher than that of the flashing temperature, but 
generally the two are very near each other. 

The next test is the determination of the specific gravity. This was 

obtained by weighing, in a glass flask with a narrow neck, an equal 

quantity of distilled water and of the oil in question; the ratio of the 

two, reduced to water as unity, gave the specific gravity required. To 

facilitate the operation, a flask, containing just 1,000 grains of distilled 

water, was balanced by a permanent weight. The scales were tested 

by double weighing. The first series of weighing was made at the tem- 

perature of 74° I*., that of the apartment in which the experiment was 

conducted; but oil and other substances change their bulk, and conse- 

quently their specific gravity, with a change of temperature. - It is 

therefore necessary, in order that results may be compared, that the 

experiments be all made at the same temperature, or reduced to a stan- 

dard temperature. The temperature formerly adopted in England for 

specific gravity is 62° F.; but in the case of petroleum, the temperature 

of 60° has been adopted in this country and England. In the first series 

of experiments made with the oils in question, the weighing was con- 

ducted at a temperature of 74°, as we have said, namely, that of the 
atmosphere at the time. A series of experiments at a lower temper- 

ature was afterward made, in order to obtain a correction by which to 

reduce the specific gravity first obtained to that of a temperature of 60°; 

but as each oil exhibits a different rate of expansion by heat, the process 

became very laborious. Experiments were therefore made to determine 

the correctness of obtaining the specific gravity of the oils by means of 

a hydrometer. This was found to differ from that obtained by weigh- 

ing within one per cent., and was therefore concluded to be sufficiently 

accurate for practical purposes. 

To obtain the specific gravity of the oils by means of a hydrometer, 

a vessel containing, say, 10 gallons of water, of a depth of about 14 

inches, is provided ; into this are introduced several glass cylinders con- 

taining the oil, and into these cylinders the hydrometers are plunged, 

the level of the oil being so far above the water that the under contact 

of the surface of the liquid with the scale may be observed. Before 

inserting the glass cylinders containing the oils into this water-bath, 

the liquid is brought, by mixing ice-water with it, to the temperature of 

60°, at which temperature it may be kept for a long time, on account of 

the large quantity of the liquid and the great specific heat of the water. 

A change of temperature may be prevented by occasionally adding a 

small quantity of ice-cold water, care being taken to mingle the mixture 

by stirring. By this process may be obtained the specific gravity at 60° 

of a large number of samples in a comparatively short time. In this 
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country and England the density or relative weight of petroleum oils is 

generally expressed in terms of the arbitrary scale of Beaumé’s, instead 

of that of the specific gravity. The following table gives the equiva- 

lent of the Beaumé scale in terms of specific gravity: 

Beaumeé’s hydrometer for liquids lighter than water. 

Degrees, | Specific || Degrees, | Specific || Degrees, | Specific || Degrees, | Specific 
Beaumé. | gravity. || Beaumé. | gravity. || Beaumé. | gravity. || Beaumé. | gravity. 

10 1. 000 23 . 918 36 . 849 49 . 789 
11 0. 993 24 913 37 . 844 50 . 785 
12 . 986 25 . 907 38 . 839 51 - 781 
13 . 980 26 901 39 . 834 52 .777 
14 .973 27 . 896 40 . 830 53 773 
115) . 967 28 . 890 4, . 825 54 . 768 
16 . 960 29 . 885 42 . 820 55 . 764 
17 . 954 30 . 880 43 . 816 56 . 760 
18 . 948 3l . 874 44 . Sil 57 157 
19 . 942 32 . 869 45 . 807 58 . 153 
20 . 936 33 . 864 46 . 802 59 . 749 
21 . 930 34 . 859 47 . 798 60 . 745 
22 . 924 35 . 854 48 eh) Sea Eee eeeel us eace 

Another test to which the mineral oil was subjected was that of a 

reduction of temperature. For this purpose the samples were placed 

in an air-bath reduced to the temperature of 25° F. At this tempera- 

ture several of the oils exhibited a thickened condition, especially those 

of the higher fire-test. The apparatus used for this purpose was the 

same as that previously described as employed in the case of lard-oil. 

The next test to which the oil was subjected was that of its liquidity. 

This test is of some importance in regard to lamps in which the oil is 

pumped up by machinery, and also as to the solid matter in the oil. It 

therefore gives a characteristic of the oil which with others serves to 

determine its degree of impurity. For this purpose the same method 

was employed as that described for determining the liquidity of lard- 

oil. The liquidity exhibited by this process was very different in differ- 

ent oils. 
All the experiments on the flowing of the oils were made at the tem- 

perature of the air, which was from 72° to 74°. In this case, as with 

lard, a marked difference was found in the time of flowing at different 

NOH E Wana, and hence for compansen the experiments should be made 

at a standard temperature. 

Another experiment was made to ascertain whether oils of higher 

flashing test gave off a vapor at the ordinary temperature of the atmos- 

sphere; for example, at about 70°. For this purpose a barometer tube 

of about 33 inches in length, and an interior diameter of one-half of an 

inch, was filled with warm mercury inverted in a basin of the same 
metal. The finger was then placed under the open mouth of the tube 

in the basin and the tube slowly inverted so as gradually to pass the 
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vacuum through the whole length of the column, and thus to gather up 

any particles of air that might adhere to the side of the tube; this left 

a space, when the inverted tube was held vertically, of about three 

inches of the open end of the tube unfilled with mereury; this being 

refilled, the finger applied to the open end and the tube again replaced 

with the open end downward in the basin, the vacuum produced by this 

process was nearly as perfect as if the mercury had been boiled im the 

tube, or the latter filled with the metal in avacuum. After this, a small 
quantity of oil to be tested was drawn into a small glass syringe, the 

curved point of which being introduced beneath the open mouth of the 

tube under the surface of the mercury, a small quantity of the liquid was 

injected into the column; this rapidly rose by its levity to the top, and 

there a portion of it flashed into vapor, as was evident by the depres- 

sion of the mercurial column. 

From this experiment it is evident that kerosene, even of a high flash- 

ing temperature, does give off vapor at ordinary temperature. It is 

however of so feeble tension that it does not appear capable of produe- 

ing explosion unless considerable time be allowed for its accumulation. 

It might not be apparent that although vapor was given off in a vac- 

uum, as in this case, it would be given off under the full. pressure of 

the atmosphere; but it has been shown by the experiments of Mr. Dal- 

ton and others, that vapors diffuse themselves in a space filled with 

atmospheric air with the same elasticity and quantity as in a vacuum, 

time only being required to produce the effect in the atmosphere. 

The oils were also examined as to the remains of any free acid which 

they might contain, by simply immersing in each sample a slip of litmus 

paper, which was suffered to remain in the liquid for 24 hours; under 

this test several of the samples exhibited a redness, denoting the pres- 

ence of an acid which might corrode the metal of the lamps, also indi- 

cating the want of a thorough washing of the oil by an alkaline water. 

Another experiment, which was exhibited to us by one of the proprie- 

tors of the oil which has a flashing test of about 140° F., consisted in 
lighting a lamp-wick charged with the oil and plunging it into a vessel 

filled with the same. The oil did not take fire, although the combustion 

of the wick was vigorous, and, indeed, the flame was put out when the 

wick was plunged beneath the surface of the oil. This experiment, 

which is frequently exhibited to the public, tends to give a sense of 

safety in the use of mineral oil which is at least in some degree falla- 

cious. To illustrate this, the following experiments were made: First a 

slip of cotton cloth, about 6 inches wide and 2 feet long, was saturated 
with oil having a flashing test of 140°, and suspended vertically from a 

ring-stand; alighted match was then applied to the middle of the length 

of the slip, when it instantly took fire, and burned with a fierceness 

which was truly appalling. 

After this two pieces of cloth, one of cotton and the other of woolen, 

were saturated with petroleum and placed flat on two pieces of tinned 
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iron to protect the floor. On each of these was then dropped an ordi- 

nary friction match in a state of ignition. They both broke instantly 

into flames, which soon entirely consumed the cloth, although but little 

air could obtain access to its under side, and notwithstanding the good 
conducting power of the tinned iron. 

In a similar experiment made with the same cloth saturated with 

lard-oil the cloth did not take fire when a lighted match was dropped 

upon it. Two cotton cloths the same size were saturated, one with lard- 

oil, the other with petroleum, and lighted at the same time. The petro- 

leum cloth was consumed in 1 minute 23 seconds; the lard cloth in 5 

minutes. 

To render these experiments more strikingly applicable to cases of 

accident which might occur in a light-house, a piece of cotton cloth 

about 2 feet square, which had been used to wipe the table on which 
kerosene had been spilled, was crumpled up into the condition of an 

ordinary dish-cloth and thrown into a corner of the room. When a 

lighted match was dropped on this it instantly took fire and burned 

with a fierceness truly alarming. ; 

These experiments are important in establishing the fact that oils 

which are commonly sold as entirely free from danger are not really so. 

They may be safe from explosions at ordinary temperatures, and in this 

respect are to be preferred to the lighter oils; but when spread over a 

large surface they burn with greater intensity, even, as we have seen, 

on a surface of ice. Indeed, the results are so striking it might be well 

to repeat them in the presence of every light-house keeper, in order to 

impress him with an idea of the danger which might be apprehended in 

spilling the oil over his clothes or in carelessly dropping his matches on 

cloths which had been used in cleaning the apparatus. 

Among the peculiar properties of mineral oil is its great surface- 

attraction or power of adhering and spreading on other surfaces, as well 

as ascending wicks to a much greater altitude than other oils. This 

property is recognized by the housekeeper who finds the exterior of the 

lamp covered with a film of oil shortly after it has been subjected to a 

thorough cleansing. It rises along the interior surface of the lamp and 

spreads over the outside. On account of this property it can be freely 

burned in lamps of which the fountain is at a considerable distance 

below the flame, and in which no overflow is required to produce a bril- 

lant combustion. 

A series of experiments was next made with regard to the burning 

qualities of mineral oils of different densities, from which it was inferred 
that the lighter oils in lamps of the fourth order gave a greater amount 

of illumination than the heavier oils, and, furthermore, that the latter 
charge the wick more than the former, from which it would appear that, 
in using mineral oil, while safety should be the prominent consideration 

on the one hand, in the choice of the material, regard must be had on 
the other to the illuminating power. 

In regard to the relative photometric power of lamps of the same 
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order charged with mineral and with lard oil, all the experiments we 
have yet made on this point tend to the conclusion that in smaller lamps 

with the more volatile oils a greater photometric power is obtained than 

with the same lamp when charged with lard-oil; but with the larger 

lamps the reverse is the case, the lard giving greater power burned in 

these lamps than the mineral oil. 

An unexpected difficulty arose in the course of the investigations for 

the introduction of mineral oils on account of the form of the flame. 

While a lamp with a constricted chimney, like that used in the German 

student-lamp, gave the greatest photometrical power, it was found that 

the shape of the flame did not correspond with the arrangement of the 

lens-apparatus, a large portion of the light being thrown upward toward 

the sky and another toward the earth. It was only after a series of 

trials with chimneys of different forms and button-detlectors that a flame 

of the best shape was obtained. To compare these flames in actual use, 

they were placed in succession in a light-house, with a lens of the fourth 

order, and the photometrical power determined at different distances, 
from a mile to ten miles in extent, by interposing between the eye and 

the light a series of thin colored glasses, until the light was totally ex- 

tinguished. It was found in these experiments that some of the flames 

that had an appearance of greater brillianey near by failed to produce 

comparatively the same effect at a greater distance. Having settled 

upon the form of the flame to be used in lamps of the lower orders, ar- 

rangements have been made for the introduction of mineral oils into all 

the stations in the third district, at which lights of the fourth and 

smaller orders are at present in use, The substitution of mineral for 

lard oil however is a matter of no small difficulty, and requires to be 

made with great precaution. An entire change in all the lamps is re- 

quired; the several parts of the apparatus which in the case of lard- 

oil lamps were united by soft solder must now be joined with spelter. 

The importance of this was evinced by an accident which happened 

in the photometric room in the case of a lamp of the fourth order under 

trial; the heat unsoldered an air-tube and let down the oil from the res- 

ervoir on the flame, which produced so fierce a combustion that it would 
have set fire to the building had it not been of fire-proof materials. 

The gradual introduction however of mineral oil will be made as 

rapidly as experience indicates the best and safest mode of employing 

it. It has already been adopted in the smaller lamps for lighting the 

Mississippi and its principal tributaries. The substitution however 1s 

not on account of the superior quality of this oil in comparison with 

lard, since we think the latter as an illuminating material is inferior to 

no other at present in use, but simply on account of the comparative 

cost of the two materials. 

The comparative cost of the two materials will be definitely ascer- 

tained after we have determined the best form of lamps to be used. 

Experiments thus far have been principally confined to the lower orders 

of lamps. 





A SYNOPSIS 

OF THE SCIENTIFIC WRITINGS OF SIR WILLIAM HERSCHEL. 

By Epwarp S. HoLpEN AND CHARLES S. HASTINGS. 

I.—INTRODUCTORY NOTE, 

The astronomical life of Sir WILLIAM HERSCHEL covered forty-two 

years. During this period he published no less than sixty-nine different 

memoirs, which are scattered through the annual volumes of the Philo- 
sophical Transactions of the Royal Society of London from 1780 to 1818. 

Two generations have passed since his death, and we have no readier 

means of studying his works than in the original volumes of the Trans- 

actions, now become rareand costly. Students of astronomy and physics 

are thus often compelled to know his writings at second-hand from text- 

books, and not in the vigorous and ardent style of the original. The 

text-books also frequently quote him incorrectly, and have thus helped 

to spread erroneous notions not only of what he said, but of the facts 

themselves. 
HERSCHEL’S long life was all too short, and his assistance was 100 

small to allow him to put even his published work into a final definite 

form. He has once given us a hint of what he desired, and it seems 
searcely less than a duty for his suecessors to carry out his wishes. 

At the end of his memoir of 1811, HERSCHEL added a synopsis of its 
contents made paragraph by paragraph; this synopsis (which is given at 

pages 87-89 of this work) serves to summarize and to enforce his views, 

and to condense his arguments. His style lends itself to this condensa- 
tion. The synopsis of 5 pages contains all the material facts of the 

main paper of 67 pages, and the course of the argument can be plainly 

followed. 
In the absence of an edition of HERSCHEL’s collected works, a want 

whose fulfillment still seems far off, we have thought that we could 
hardly render a better service than to carry out for all of his writings 

the idea which he executed for only one. The model has been set by 

himself. We have simply followed this, and have given a synopsis of 

each of his memoirs in the Philosophical Transactions, following his own 
plan. The papers on astronomical subjects have been condensed by 

Professor HOLDEN; those on physics by Dr. HAstinas. The works of 

HERSCHEL published elsewhere have not been included in the synopsis, 

as they are comparatively unimportant. a8 
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It is not supposed that such synopses as these will replace the origi- 

nal memoirs for the professional astronomer and physicist. The works 

of a great philosopher to be truly mastered must be studied in the 

form in which he gave them. Yet those who are most familiar with the 

originals will find the present volume most valuable. 

The full subject-index will direct attention to special points. It is 

hoped that the work in its present form will be of service in various 

ways, which do not need suggestion here. 

EDWARD 8S. HOLDEN. 
CHARLES 8. HASTINGS. 

WASHINGTON, October, 1880. 

I].—LIST OF THE PUBLISHED WRITINGS OF WILLIAM HERSCHEL ON 

ASTRONOMICAL SUBJECTS. 

[IN CHRONOLOGICAL ORDER. ] 

[N. B. In general, translations and abstracts of these which appeared in periodicals are not noticed 

here. We have made exceptions in the more important cases. | 

[Solution of a prize question. | 

Ladies’ Diary, 1799. 

Astronomical observations on the periodical star in Collo Ceti. 

Phil. Trans., 1780, p. 338. 

Astronomical observations relating to the mountains of the moon. 

Phil. Trans., 1780, p. 507. 

Astronomical observations on the rotation of the planets round their axes, made with 
a view to determine whether the earth’s diurnal motion is perfectly equable. 

Phil. Trans., 1781, p. 115. 

Account of a comet. [Dated 13th March, 1781. This was Uranus. ] 
Phil. Trans., 1781, p. 492. 

On the parallax of the fixed stars. _ 
Phil. Trans., 1782, p. 82. 

Catalogue of double stars. 

Phil. Trans., 1782, p. 112; translation in Bode’s Jahrbuch, 1786, p. 187. 

Description of a lamp micrometer and the method of using it. 

Phil. Trans., 1782, p. 163. 

A paper to obviate some doubts concerning the great magnifying powers used. 

Phil. Trans., 1782, p. 173. 

A letter from WILLIAM HERSCHEL, Esq., F. R.S., to Sir JosepH BANKS, Bart., P. R.S. 
Phil. Trans., 1783, p. 1. 

Aus einem Schreiben des Hrn. HerRscHEL an mich [BopE], datirt London, den 13ten 

August, 1783. 
& 

{ This is a letter forwarding HERSCHEL’s memoir on the Parallax of the Fixed Stars, 

ete. | 

Bode’s Jahrbuch, 1786, p. 258. 

On the diameter and magnitude of the Georgiwm Sidus, with a description of the dark 

and lucid disk and periphery micrometers. 

Phil. Trans., 1783, p. 4. 
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On the proper motion of the sun and solar system, with an account of several changes 

that have happened among the fixed stars since the time of Mr. FLAMSTEED. 

Phil. Trans., 1783, p. 247. Bode’s Jahrbuch, 1787, p. 194, p. 224. 

Astronomische Nachrichten und Entdeckungen aus einem franzésischen Schreiben 
desselben an mich [Bopr], datirt Datchet nahe bey Windsor, den 18 May, 1784. 

[This letter is on the subject of the use of high magnifying powers, and gives a résumé 
of his recent papers. | 

Bode’s Jahrbuch, 1787, p. 211. 

On the remarkable appearances at the polar regions of the planet Mars, the inclina- 

tion of its axis, the position of its poles, and its spheroidical figure; with a few 

hints relating to its real diameter and atmosphere. 

Phil. Trans., 1784, p. 233. 

Account of some observations tending to investigate the construction of the heavens. 

Phil Trans., 1784, p. 437. 

[ Bode’s Jahrbuch, 1788, p. 246, has a summary of this paper by Baron von ZAcH. See 

also, Bode’s Jahrbuch, 1794, p. 213.] 

Catalogue of double stars. 

Phil. Trans., 1785, p. 40. 

On the construction of the heavens. 

Phil. Trans., 1785, p. 213. Bode’s Jahrbuch, 1788, p. 238. See also same, 1787, 

p. 213, and 1794, p. 213. 

Aus einem Schreiben des Hrn. HERSCHEL an mich [Bopr], datirt Clay Hall, nahe bey 

Windsor, den 20 Jul., 1725. 

[This is a letter forwarding two memoirs, and giving the prices of telescopes. ] 

Bode’s Jahrbuch, 1788, p. 254. 

Catalogue of one thousand new nebule and clusters of stars. 

Phil. Trans., 1786, p. 457. Bode’s Jahrbuch, 1791, p. 157, and same, 1794, p. 213. 

Investigation of the cause of that indistinctness of vision which has been ascribed to 

the smallness of the optic pencil. 

Phil. Trans., 1786, p. 500. 

Remarks on the new comet [1786, IT]. 
Phil. Trans., 1787, p. 4. 

[Letter from HERSCHEL to BODE on the discovery of two satellites to Uranus, dated 

Slough, 1787, Feb. 11.] 
Bode’s Jahrbuch, 1790, p. 258. 

An account of the discovery of two satellites revolving round the Georgian planet. 

Phil Trans., 1787, p. 125. Bode’s Jahrbuch, 1791, p. 255. 

An account of three volcanoes in the moon. 
Phil. Trans., 1787, p. 229. Bode’s Jahrbuch, 1791, p. 255. 

Note on M. M&cHAIN’s comet. [1787, I.] [Added to preceding paper. ] 
Phil. Trans., 1787, p. 232. 

On the Georgian planet and its satellites. 
Phil. Trans., 1788, p. 364. Bode’s Jahrbuch, 1793, p. 104. 

Observations on a comet [1788, II. ]. 
Phil. Trans., 1789, p. 151. 

Catalogue of a second thousand of new nebula and clusters of stars, with a few in- 

troductory remarks on the construction of the heavens. 

Phil. Trans., 1789, p. 212. Bode’s Jahrbuch, 1793, p. 150. Also same, 1794, p. 150. 

Account of the discovery of a sixth and seventh satellite of the planet Saturn, with 

remarks on the construction of its ring, its atmosphere, its rotation on an axis, 

and its spheroidical figure. 
Phil. Trans., 1790, p. 1. Bode’s Jahrbuch, 1793, p. 239; same, 1796, p. 88; 1797, 

p. 249. 
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On the satellites of the planet Saturn, and the rotation of its ring on an axis. 
Phil. Trans., 1790, p. 427. 

On nebulous stars properly so called. 

Phil. Trans., 1791, p. 71. Bode’s Jahrbuch, 1801, p. 128. 

On the ring of Saturn and the rotation of the fifth satellite upon its axis. 
Phil. Trans., 1792, p. 1. Bode’s Jahrbuch, 1796, p. 88. 

Miscellaneous observations : 

[Account of a comet], p. 23 [1792, I.]. 

[On the periodical appearance of o Ceti], p. 24. 

[On the disappearance of the 55th Herculis], p. 26. 

[Remarkable phenomenon in an eclipse of the moon], p. 27. 

Phil. Trans., 1792, p. 23. 

Observations on the planet Venus. 

Phil. Trans., 1793, p. 201. 

Observations of a quintuple belt on the planet Saturn. 

Phil. Trans., 1794, p. 28. Bode’s Jahrbuch, 1798, p. 90. 

Account of some particulars observed during the late eclipse of the sun. [1793, Sep- 
tember 5th. ] 

Phil. Trans., 1794, p. 39. 

On the rotation of the planet Saturn upon its axis. 

» Phil. Trans., 1794, p. 48. Bode’s Jahrbuch, 1798, p. 74. 

On the nature and construction of the sun and fixed stars. 

Phil. Trans., 1795, p. 46. Bode’s Jahrbuch, I1. Suppl. Band, p. 65. 

Description of a forty-foot reflecting telescope. 

Phil. Trans., 1795, p. 347. Bode’s Jahrbuch, III. Suppl. Band, p. 238. 

Additional observations on the comet. [1796, I.] 
Phil. Trans., 1796, p. 131. 

On the method of observing the changes that happen to the fixed stars; with some 

remarks on the stability of the light of our sun. To which is added a catalogue 
of comparative brightness for ascertaining the permanency of the luster of stars. 

Phil. Trans., 1796, p. 166. Bode’s Jahrbuch, 1809, p. 201. 

On the periodical star a Herculis ; with remarks tending to establish the rotary motion 
of the stars on their axes; to which is added a second catalogue of the compara- 

tive brightness of the stars. 
Phil. Trans., 1796, p. 452. Bode’s Jahrbuch, 1809, p. 201. 

A third catalogue of the comparative brightness of the stars, with an introductory 

account of an index to Mr. FLAMSTEED’s observations of the fixed stars, con- 

tained in the second volume of the Historia Celestis. To which are added sev- 

eral useful results derived from that index. 

Phil. Trans., 1797, p. 293. Bode’s Jahrbuch, 1810, p. 143. 

Observations of the changeable brightness of the satellites of Jupiter, and of the 

variation in their apparent magnitudes, with a determination of the time of their 

rotatory motions on their axes. To which is added a measure of the diameter of 

the second satellite, and an estimate of the comparative size of all the four. 

Phil. Trans., 1797, p. 332. Bode’s Jahrbuch, 1801, p. 103. 

On the discovery of four additional satellites of the Georgium Sidus. The retrograde 

motion of its old satellites announced, and the cause of their disappearance at 

certain distances from the planet explained. 

Phil. Trans., 1798, p. 47. Bode’s Jahrbuch, 1801, p. 231. 

A fourth catalogue of the comparative brightness of the stars. 

Phil. Trans., 1799, p. 121. Bode’s Jahrbuch, 1810, p. 143. 
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On the power of penetrating into space by telescopes, with a comparative determina- 

tion of the extent of that power in natural vision, and in telescopes of various 

sizes and constructions, illustrated by select observations. 

Phil. Trans., 1800, pp. 49-85. Bode’s Jahrbuch, 1804, p. 231. 

Investigation of the powers of the prismatic colors to heat and illuminate objects, 

with remarks that prove the different refrangibility of radiant heat. To which 

is added an inquiry into the method of viewing the sun advantageously with 

telescopes of large apertures and high magnifying powers. 

Phil. Trans., 1800, pp. 265-283. Bode’s Jahrbuch, 1804, p. 89. 

Experiments on the refrangibility of the invisible rays of the sun. 

Phil. Trans., 1800, pp. 284-292. Dode’s Jahrbuch, 1804, p. 89. 

Experiments on the solar and on the terrestrial rays that occasion heat, with a com- 

parative view of the laws by which light and heat, or rather the rays that occasion 

them, are subject, in order to determine whether they are the same or different. 

Phil. Trans., 1800, pp. 293-326, 437-538. Gilbert Annal., X. (1802), pp. 68-73; 

same, XII. (1803), pp. 521-546. 

Observations tending to investigate the nature of the sun, in order to find the causes 

or symptoms of tts variable emission of light and heat, with remarks on the use 

that may possibly be drawn from solar observations. 

Phil. Trans., 1801, pp. 265-318. Bode's Jahrbuch, 1805, p. 218, and 1805, p. 113. 

Ueber den 7 Nebelfleck der Isten Classe des Herschel’schen Verzeichniss, und tiber 

Ceres und Pallas, vom Herrn Doctor HuRSCHEL, aus zwey Briefen desselben. 

Bode’s Jahrbuch, 1805, p. 211. 

Additional observations tending to investigate the symptoms of the variable emission 

of the light and heat of the sun, with trials to set aside darkening glasses by trans- 

mitting the solar rays through liquids, and a few remarks to remove objections 

that might be made against some of the arguments contained in the former paper. 

Phil. Trans., 1801, pp. 354-362. 

Observations on the two lately discovered celestial bodies [Ceres and Pallas]. 

Phil. Trans., 1802, pp. 213-232. Nicholson Journal, LV. (1808), pp. 120-130, 142- 
148. 

Catalogue of five hundred new nebulie, nebulous stars, planetary nebulie, and clusters 

of stars, with remarks on the construction of the heavens. 

Phil. Trans., 1802, pp. 477-528. Bode’s Jahrbuch, 1807, p. 113. 

Observations of the transit of Mercury over the sun’s disk, to which is added an in- 

vestigation of the causes which often prevent the proper action of mirrors. 

Phil. Trans., 1303, pp. 214-282. 

Account of the changes which have happened during the last twenty-five years in the 

relative situation of double stars, with an investigation of the cause to which they 

are owing. 

Phil. Trans., 1803, pp. 339-382. Bode’s Jahrbuch, 1808, pp. 154-178. 

Continuation of the account of the changes that have happened in the relative situa- 

tion of double stars. 
Phil. Trans., 1804, pp. 353-384. Bode’s Jahrbuch, 1808, p. 226. 

Aus einem Schreiben des Herrn Doctor HerscuE., datirt Slough bey Windsor, den 31 
May, 1804. . 

[Relates to his theory of the relation between the solar radiation and the price of 

wheat. ] 
Bode’s Jahrbuch, 1808, p. 226. 

Experiments for ascertaining how far telescopes will enable us to determine very small 
angles, and to distinguish the real from the spurious diameters of celestial and 

terrestrial objects, with an application of the results of those experiments to a 

S. Mis. 31 33 
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series of observations on the nature and magnitude of Mr. Harpin@’s lately dis- 
covered star [Juno, (1804) ]. 

Phil. Trans., 1805, pp. 31-70. 

On the direction and velocity of the motion of the sun and solar system. 

Phil. Trans., 1805, pp. 233-256. Bode’s Jahrbuch, IV. Suppl. Band, p. 67. 

Observations on the singular figure of the planet Saturn. 

Phil. Trans., 1805, pp. 272-280. Bode’s Jahrbuch, 1809, p. 197. 

On the quantity and velocity of solar motion. 

Phil. Trans., 1806, pp. 205-237. Bode’s Jahrbuch, 1811, p. 224. 

Observations and remarks on the figure, climate, and atmosphere of Saturn and its 

Ting. 

Phil. Trans., 1806, pp. 455-467. Gilbert Annal., XXXIV. (1810), pp. 82-105. 
Bode’s Jahrbuch, 1810, p. 228. 

Experiments for investigating the cause of the colored concentric rings discovered by 

Sir I. Newton between two object glasses laid one upon another. 

Phil. Trans., 1807, pp. 180-233. Annal. de Chimie, LXX.1809, pp. 154-181, 

293-321; same, LXXI. 1809, pp. 5-40. 

Observations on the nature of the new celestial body [ Vesta] discovered by Dr. OLBERS, 

and of the comet which was expected to appear last January in its return from 

the sun. [1803, II.] 
Phil. Trans., 1807, pp. 260-266. 

Observations of a comet [1807, I.] made with a view to investigate its magnitude and 

the nature of its illumination, to which is added an account of a new irregularity 

lately perceived in the apparent figure of the planet Saturn. 

Phil. Trans., 1803, pp. 145-163. Gilbert Annal., XXXVI. (1810), pp. 389-393. 

Zach Monat. Corresp., XX. (1809), pp. 512-514. 

Continuation of experiments for investigating the cause of colored concentric rings 

and other appearances of a similar nature. 
Phil. Trans., 1899, pp. 259-302. 

Supplement to the first and second part of the paper of experiments for investigating 

the cause of colored concentric rings between object glasses, and other appear- 

ances of a similar nature. 

Phil. Trans., 1810, pp. 149-177. Gilbert Annal., XLVI., 1814, pp. 22-79. 

Astronomical observations relating to the construction of the heavens, arranged for 

the purpose of a critical examination, the result of which appears to throw some 

new light upon the organization of the celestial bodies. 

Phil. Trans., 1811, pp. 269-336. Journ. de Phys., LXXV., 1812, pp. 121-167. 

Observations of a comet, with remarks on the construction of its different parts. 
(1811, I.] 

Phil. Trans., 1812, pp. 115-143. Journ. de Phys., LXXVII., 1813, pp. 125-135. 

Zach Monat. Corresp., XXVIII., 1813, pp. 455-469, 558-568. Bode’s Jahrbuch, 
1816, p. 185. 

Observations of a second comet, with remarks on its construction. [1811, II.] 

Phil. Trans., 1812, pp. 229-237. Nicholson Journ., XXXYV., 1813, pp. 193-199. 

Bode’s Jahrbuch, 1816, p. 203. 

Astronomical observations relating to the sidereal part of the heavens, and its con- 

nection with the nebulous part, arranged for the purpose of a critical examination. 

Phil. Trans., 1814, pp. 248-284. Bode’s Jahrbuch, 1818, pp. 97-118. 

A series of observations of the satellites of the Georgian Planet, including a passage 

through the node of their orbits, with an introductory account of the telescopic 

apparatus that has been used on this occasion, and a final exposition of some cal- 

culated particulars deduced irom the observations. 

Phil. Trans., 1815, pp. 293-362. Bode’s Jahrbuch, 1819, pp. 232-242. 
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Astronomical observations and experiments tending to investigate the local arrange. 

ment of the celestial bodies in space, and to determine the extent and condition 
of the Milky Way. 

Phil. Trans., 1817, pp. 302-331. Bode’s Jahrbuch, 1821, p. 149. 

Astronomical observations and experiments selected for the purpose of ascertaining 

the relative distances of clusters of stars, and of investigating how far the power 

of our telescopes may be expected to reach into space, when directed to ambigu- 
ous celestial objects. 

Phil. Trans., 1818, pp. 429-470. 

On the places of one hundred and forty-five new double stars (1821). 

Mem. Roy. Ast. Soc., I., 1822, pp. 166-181. 

III.—LIst OF WORKS RELATING TO THE LIFE AND WRITINGS OF 

WILLIAM HERSCHEL. 

[ARRANGED ALPHABETICALLY BY AUTHORS. ] 

[N. B. In general, the notices of his life to be found in encyclopedias of biography, etc., are not in- 

cluded here. ] 

Arago (F.) 
Analyse de la vie et des travaux de Sir WILLIAM HERSCHEL [from Annuaire du 

Bureau des Longitudes, 1842]. Paris, 1843. 18mo. 

[See also the Annuaire for 1834, for an account of HERSCHEL’s work on 

double stars. ] 

Arago (F.) 
Biographies of Distinguished Scientific Men. Translated by Admiral W. H. 

SmyTH, Rev. B. POWELL, and ROBERT GRANT, Esq. HERSCHEL. 

First series, p. 258. Boston, 1859. 8vo. 

Arago (F.) 
HERSCHEL. [Translated from the French. ] 

Smithsonian Report. 1870, p. 197. 8vo. 

Auwers (A.) 
WILLIAM HERSCHEL’S Verzeichnisse von Nebelflecken und Sternhaufen bearbeitet 

von A. AUWERS. 

From the Kénigsberg Observations. 1862. Folio. 

Bessel (F. W.) 
Sir WititiaAM HerscHet. [From the Kénigsberger Allgemeine Zeitung, 1, 1843, No. 

37, et seq., reprinted in his] Abhandlungen, vol. iii., p. 468. Leipzig, 1876. 4to, 

Bruhns (C.) 
KAROLINE LUCRETIA HERSCHEL, aus der Allgem. Deutschen Biographie. 1877, 8vo. 

D’Arrest (H. L.) 
Verzeichniss von Sir WILLIAM HERSCHEL’S Nebelflecken erster und vierter Classe, 

aus den Beobachtungen berechnet und auf 1850 reducirt. 
Abhandlungen d. Math. Phys. Classe der K. Sachs. Gesell. d. Wissenschaften 

Band iii [1857] p. 359. 

Dunkin (E.) ; 
Obituary Notices of Astronomers, p. 86. 

Sir WILLIAM HERSCHEL, K. C. H., F. R. S., 1738, 1822. 

London, 1879. 12mo. 
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Fétis (F. J.) 
Biographie universelle des musiciens [article, HERSCHEL. } 

Paris, 1835-37. 8vo. 

Forbes (J. D.) 
Sir Witt1AM HERSCHEL [being § 2 of Dissertation vi. ] 

Encyclopedia Britannica, eighth edition. Vol. I, Dissertations, p. 838. 

Fourier (J.) 
Eloge historique de Sir W1iLLt1am HirrscHEL, prononcé dans la séance publique 

de l’ Académie royale des sciences le 7 Juin, 1824. 

Histoire de V Académie Royale des Sciences de V Institut de France, tome vi., 

année 1823, p. 1xi. 

Harding (C€. L.) 
Des Herrn Dr. HERSCHEL’s Untersuchungen iiber die Natur der Sennenstrahlen, 

aus dem englischen iibersetzt. Erstes Heft. [Translations from Phil. Trans., 

1800.] Celle, 1801. 16mo. 

Herschel (Carolina.) 
‘An Account of anew Comet. [1786, II.] 

Herschel (Carolina.) 
An Account of the Discovery of a Comet. [1793, I.] 

Phil. Trans., 1794, vol. 84, p. 1. 

Phil. Trans., 1787, vol. 77, p.1. 

Herschel (Carolina.) 
An Account of the Discovery of a Comet. [1795, II. ] 

Phil. Trans., 1796, vol. 86, p. 131. 
Herschel (Carolina. ) 

Catalogue of Stars taken from FLAMSTEED’s observations contained in the second 

volume of his Historia Czlestis, and not inserted in the British Catalogue; to 

which is added a collection of errata which should be noticed in the same 

volume; with remarks by W. HERSCHEL. London, 1798. Folio. 

Herschel (Carolina.) 
Verzeichniss von 74 Sternen FLAMSTEEDS yon denen keine Beobachtungen in der * 

Hist. Cel. Brit. yvorkommen. 

[Herschel (Carolina.) | 
[ Notice of her life. ] 

Monthly Notices Roy. Ast. Soc. vol. 8, p. 64; also Memoirs Roy. Ast. Soc., vol. 

175 penL20: 

Herschel (Carolina. ) 
Memoir and Correspondence of CAROLINE HERSCHEL. By Mrs. JOHN HERSCHEL, 

With portraits. London, 1876. 12mo. 

Herschel (J. F. W.) 
Article Telescope, in Encyclopedia Britannica, eighth edition. [This article (illus- 

trated) gives most of the important features of Sir WILLIAM HERSCHEL’S 

manner of grinding and polishing specula. ] 

Herschel (J. F. W ) 
Catalogue of Nebulz and Clusters of Stars. [General and systematic reduction 

of all Sir W. HeRSCHEL’s observations brought into connection with all other 

similar ones. ] 

Herschel (J. F. W.) 
A synopsis of all Sir WILLIAM HERSCHEL’s micrometrical measurements, etc., of 

Double Stars, together with a Catalogue of those Stars . . . for 1880. 

Mem. Roy. Ast. Soc., vol. xxxv, p. 21. London, 1867. 4to. 

Bode’s Jahrbuch, 1806, p. 255. 

Phil. Trans., 1864. Pagel. 4to. 
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Herschel (J. F. W.) 
Additional Identifications of Double Stars in the Synoptic Catalogues of Sir W1L- 

LIAM HERSCHEL’S Micrometrical Measurements, ete. 

Monthly Notices Roy. Ast. Soc., vol. xxviii, p. 151. London, 1868. 8vo. 

Herschel (Mrs. John,) 
Memoir and Correspondence of CaroLINE HERSCHEL. With portraits. London, 

1876. 12mo. 

Herschel (W.) 
[Solution of a prize question. ] 

Ladies’ Diary, 1779. 

Herschel (W.) 
The favorite Eccho Catch . . . and the preceding Glee [by 8S. LEacn]. To 

which is added the . . . Catch Sung by Three Old Women .. . in 

the Pantomime called ‘‘The Genius of Nonsense” [by H. Harninetron]. 
London, 1780 (?) Obl. folio. 

Herschel (W.) 
Gottingen Magazin der Wissenchaften und Literatur (1783), vol. ili, p. 4. LicHTrEn- 

BERG AND ForsTER, Editors. 

[Letter from HERSCHEL, giving a brief account of his life. ] 

Herschel (W.) 
I. Manuscripts in possession of the Royal Society. 

1. A series of register sheets in which are entered up all the observations of 

each nebula, copied verbatim from the sweeps. 2. A similar set of register 

sheets for MrssiER’s nebulw. 3. A general index of the 2,508 nebula of W. 
HERSCHEL; given the class and number, to find the general number. 4. An 

index list; given the general number, to find the class and number. 5. A 

more complete list, like 4. 6. A manuscript catalogue of all the nebulx and 

clusters, reduced to 1800 and arranged in zones of 1° in polar distance; by 
Miss CAROLINA HERSCHEL. 7. The original sweeps with the 20-foot re- 

flector at Slough, in three small quarto and four folio vols. of MSS. 
Il. Manuscripts in possession of the Royal Astronomical Society. 

This library contains ‘“‘the whole series of autograph observations of each 

double star [observed by HERSCHEL], brought together on separate sheets, 

by Sir WILLIAM HERSCHEL and Miss CAROLINA HERSCHEL.” 

[Herschel (W.)]| 
Some account of the life and writings of WILLIAM HERSCHEL, Esq. [With a por- 

trait. ] 
The European Magazine and London Review for January, 1785. 8vo. 

[Herschel (W.)] 
Edinburgh Review, vol. i, p. 426. 

[A review of HEeRscHEL’s memoir “Observations on the two lately discov- 

ered bodies,” from Phil. Trans., 1802. ] 

[Herschel (W.)| 
‘Sir WILLIAM HrrRscHEL, from a London paper.” 

[ This is a short obituary notice ‘‘furnished by a gentleman well acquainted 

with Sir WILLIAM and his family, and its accuracy may be relied on.” | 

Niles’ Register, vol. 23, p. 154, November 9, 1822. 8vo. 

[Herschel (W.)] 
Obituary: Sir Witt1aAM HERSCHEL, Knt., LL.D., F.R.S. 

The Gentleman’s Magazine and Historical Chronicle, vol. xcii, 1822, p. 274. Sve. 

[Herschel (W.)] 
Annual Register, 1822, p. 289. 8vo. 
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[Herschel (W.)] 
W. HERSCHEL’s Simmtliche Schriften. Erster Band. Ueber den Bau des Him- 

mels. Mit 10 Kupfertafeln. [Edited by J. W. Prarr. A second edition was 
published in 1850.] Dresden and Leipzig, 1828. 8vo. 

|Herschel (W.)| 
New York Mirror, vol. vi, 1829-30, p. 388. 

{Herschel (W.)| 
Living Age, vol. ii, p. 125, (1844). 8vo. [Reprinted from Chambers’ Journal. ] 

{Herschel (W.)| 
Foreign Quarterly Review, vol. 31, p. 438. 8vo. 

[Review of ARAGo’s ‘‘Analyse de la Vie et des Travaux de Sir WILLIAM 

HERSCHEL.” | 

| Herschel (W.)] 
ARAGO’S Life of HERSCHEL. 

Eclectic Museum, vol ii, p. 556. [Reprinted from the Foreign Quarterly Re- 

view, vol. 31.] 

Holden (E. $.) 
On the inner satellites of Uranus. [Reduction of Sir WILLIAM HERSCHEL’S ob- 

servations. ] 

Proceedings Amer. Assn. Adv. Science, August, 1874, p. 49. 8vo. 

Holden (E. S$.) 
Index Catalogue of Books and Memoirs relative to nebule, clusters, etc. Sméth- 

sonian Miscellaneous Collections, No. 311, pp. 19-38. [Abstracts of Sir WILLIAM 

HERSCHEL’S memoirs (on nebulz) in the Philosophical Transactions. ] 

Washington, 1877. 8vo. 

Holden (E. 8.) 
Sir WILLIAM HERSCHEL, his life and works. New York, 1381. 12 mo. (with a 

portrait. ) 

Krafft (J. G. F.) 
Kurze Nachricht von dem beriihmten Astronomen HERSCHEL und einigen seiner 

Entdeckungen. 
Bayreuth, 1787. 8vo. 

Peirce (C. S.) 
Photometric Researches. [A reduction of HERSCHEL’S observations on the com- 

parative brightness of the stars.] Annals Harvard College Observatory, vol. ix. 

Leipzig, 1878. 4to. 

Sommer (G. M.) 
WILLIAM HERSCHEL * * * weber den Bau des Himmels; drei abhandlungen 

aus dem englischen nebersetzt, nebst einem authentischen Auszug aus Kants 

allgemeiner Naturgeschichte und Theorie des Himmels. 

Konigsberg, 1791. 8vo. 

Struve (W.) | 
Etudes d’astronomie stellaire. Sur la voie lactée et sur Ja distance des étoiles 

fixes. [P. 24 et seg. contains an elaborate review of the construction of the 

heavens according to HERSCHEL.] St. Petersburg, 1847. 8vo. 

Wolf (R,) 
WILLIAM HERSCHEL. Zurich, 1867. 8vo. 

Zach (F. von.) 
Dr. WILLIAM HERSCHEL [translated from Public Characters and printed in Zacu’s 

Monatlich Correspondenz, 1802, part I, p. 70, et seq.} 
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IV.—LIST OF THE PUBLISHED PORTRAITS OF WILLIAM HERSCHEL. 

Artist, MME. Dupiery. Engraver, THONERT. 8yvo. Early portrait. Some copies in 
red. Profile. 

Artist, F. REnBuRG. Engraver, F. W. BOLLINGER. 8vo. Late portrait. 

Artist, 2? Engraver, C. WESTERMAYR. 8vyo. Medallion. 

Artist, C. BRAND. Jngraver, ? &vo. Lithograph. 

Artist, ? Engraver, J. SEWELL. 8vo. Profile, 1735. 

Artist, ? Lngraver, ? 8vo. Profile. 

Artist, F. BONNEVILLE. Jngraver, F. BONNEVILLE. 8vo. Profile. 

Artist, J. RUSSELL, R. A. Engraver, E. Scrivmen. 8vo. Engraved from a crayon in 

the possession of his son, and published by the S. D. U. K. in the Gallery of Por- 
traits, vol. 5. 

Artist, ? Engraver, ? 8vo. European Magazine, Jan., 1785. This is a 

bust in profile showing the left side of the face. 

Artist, ? Engraver, TuomMson. 8vo. Published by Caxton, 1823. ° This must 

have been engraved before 1316, since the legend is WiLLIaM HERSCHEL, LL. D., 

194 IRS 'Sb 

Artist, Lady GORDON. From the painting by ABBOTT in the National Portrait Gallery. 

Engraver, JOSEPH Brown. 8vo. Published in memoir of CaroLINE HERSCHEL. 

This is of the date 1728, or thereabouts. 

Artist, ? Engraver, C. MULLER. 4to. Medallion. 1785 (? 

Artist, ? Engraver, H. Pinuas. Ato. Legend in Russian. 

Artist, BAIiscH. Lngraver, ? 4to. Lithograph. 

Artist, H. GREVEDON. Ingraver, ? Fol. Lithograph. 

Artist, 2 Engraver, F. MULLER. Fol. 

Artist, ABBOTT. Jngraver, RYDER. Fol. 1728. 

Artist, J. BOILLY. Engraver, ? Fol. 1822. Lithograph. 

Artist, ? Engraver, J. GODBY. Fol. 

R. W. S. Lutwipce, Esq., F. R. A. S., has an original seal with a head of Sir WILLIAM HERSCHEL, 

which is shown on the title-page of this work. A cut of it has been courteously furnished me by JOHN 

BROWNING, Esq., F. R. A. S., ete. 

In 1787 a bust of HERSCHEL was made by LOcKIE for Sir WILLIAM WATSON. 

A picture of HERSCHEL was painted by Mr. AnraupD about the beginning of 1819. A portrait of 

HERSCHEL by ABBOTT is in the National Portrait Gallery, London. There are no doubt many other 

paintings in England, though I can find notices of these only. The Royal Society of London has nearly 

a hundred portraits of its most distinguished members, but owns none of Sir WILLIAM HERSCHEL. 

V.—SYNOPSIS OF THE SCIENTIFIC WRITINGS OF WILLIAM HERSCHEL. 

Abstracts of William Herschel’s Memoirs in the Philosophical Transac- 
tions of the Royal Society of London. 

Ae Vo. BP. 
1780 70 338 Astronomical observations on the Periodical Star in Collo Ceti. By Mr. 

WILLIAM HERSCHEL, of Bath, communicated by Dr. WATSON, jr., 

of Bath, F. R. 8. Read May 11, 1780. 
338 This stariso Ceti, and was first observed by Davin Fasrictus, August 

13, 1596. 
338 HERSCHEL’s observations begin 1777, October 20. 

339 Ceti is brighter than a, which indicates a change since BAYER. 

340 2’ (of are) ‘is hardly sufficiently large to distinguish a square from @ 

circle.” 

341 ‘The periodical star preceded a very obscure telescopic star” 1’ 45,16, 
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This measure repeated 1’ 50/’.47. 

This measure repeated 1’ 53/’.437. 

This measure repeated 1’ 50/’.625. 

This measure repeated 1’ 45/’.937. 

‘* MAUPERTUIS accounts for the periodical appearances of changeable 

stars by supposing that they may be of a flat form, like Saturn’s 

ring, which becomes invisible when the edge is presented to us.” 

This star ‘‘appeared always fuli and round when I viewed it with a 

telescope”; this is not necessarily opposed to MAUPERTUIS’ explana- 

tion on account of the aberrations. 

“KEILL says ‘it is probable that the greatest part of this star is cov- 

ered with spots and dark bodies, some part thereof remaining lucid; 

and while it turns about its axis, does sometimes shew its bright 

part, sometimes it turnsits dark side to us, ete.’” 

Astronomical Observations relating to the mountains of the Moon. By Mr. 

HEKSCcHEL, of Bath. Communicated by Dr. Watson, jun., of Bath, 

F. R. 8. Read May 11, 1780. 

The method used by HEVELIvs and others to find the height of a 

mountain in the Moon explained. Figure 1. 

509-512 Quotations from GALILEO, HevELiIcs, LALANDE, FERGUSON, and 

512 

513 

514 

518 

115 

115 

116 

Kr. 

Explanation of the method used by HERSCHEL. 

The instrument used was a Newtonian reflector 6 feet 8 inches focal 

length, (usual), magnifying power 222 diameters, the aperture used 

was four inches. - ‘‘ I believe that for distinctness of vision this in- 

strument is perhaps equal to any that was ever made.” 

Observations in detail from November 30, 1779, to February 19, 1780. 

“From these observations I believe it is evident that the height of 

the lunar mountains in general is greatly overrated; and that when 

we have excepted a few, the generality do not exceed half a mile 

in their perpendicular elevation.” 

“One caution, I would beg leave to mention to those who may uso 

the excellent 3} feet refractors of Mr. DoLLoND. The admirable 

quantity of light, which on most occasions is so desirable, will prob- 

ably give the measure of the projection somewhat larger than the 

true, if not guarded against by proper limitations placed before the 

object-glass.” 

Continuation of the same observations 1780, March 11— March 16. 

Additional memoranda of the manner in which Mr. HERSCHEL made — 

his observations taken from a letter of his to the Astronomer Royal. 

Plate XI contains five figures (diagrams) to illustrate the methods of 

observation. 

Astronomical Observations on the rotation of the planets ronnd their axes, 

made with a view to determine whether the carth’s diurnal motion is per- 

Sfectly equable. Ina letter from Mr.WILLIAM HERSCHEL, of Bath, to 

WILLIAM WatTSsON, M. D., F.R. 8. Read January 11, 1781. 
While every one of the motions of the earth that arise from the actions 

of the sun, moon, and planets, etc., have been investigated by as- 

tronomers, there is one motion which has hitherto escaped the 

scrutiny of observers—the diurnal rotation round its axis. 

The reason why this has not been looked into is probably the diffi- 

culty of finding a proper standard to measure it by; since it is itself 

the standard by which we measure all the other motions. 

ee 
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We have no cause to suspect any very material periodical inequality. 

Aberration would forever have remained a secret to us if it had not 

been found out by other methods than that of time-keepers. 

No time-keeper wili measure such equal portions of time as we require 

to compare the diurnal motion of the earth to. 

The diurnal rotation of the earth being at least tolerably equable, 

that of the other plancts is likely to be also; and this suggested the 

thought of estimating the diurnal motion of one planet very exactly 

by that of another, making each the standard of the other. 

Such a test might detect a retardation occasioned by some resistance 

ofa very subtle medium in which the heavenly bodies perhaps move, 

or any acceleration from some cause or other. 

The common account of the diurnal rotations of the planets was much 

too inaccurate for this critical purpose, and new observations were 

required. 

Mars was the most suitable planet for the purpose, as the dark spots 

on Jupiter change their places. These may be supposed to be large 

black congeries of vapors and clouds swimming in the atmosphere 

of Jupiter. 

The bright spots also, though they may adhere firmly to the body of Ju- 

piter, may undergo some change of situation by being differently cov- 

ered or uncovered, on oneside or the other, by alterations in the belts. 

The same bright spot, not suspected of any change of situation, gave 
by one set of observations 92 51™ 458.6, and by another set 92 50™ 48s, 

The analogy of the trade-winds on the earth may account for all the 

irregularities of Jupiter’s revolutions deduced from spots on the dise 

If, with CASSINI, we suppose his rotation-time to be 92 56™, then some 

spots that I have observed must have been carried through about 

60° of Jupiter’s equator in 22 of his days. This very large velocity 

in the clouds is not unparalleled by what has happened in our own 

atmosphere. 

The spots on Mars are of a different nature. Their constant and de- 

termined shape, as well as remarkable color, show them to be per- 

manent, and fastened to the body of the planet. 

Suppose that we can determine whether a spot on the dise of Mars is 

or is not in the line which joins the center of the earth and the cen- 

ter of that planet to half an hour’s time with certainty, in this case 

we shall in 30 days have the revolution true to a minute, and in 

three months to 20s. An interval of about 780 days (the next oppo- 

sition) will give the diurnal motion true to about 2%, ete. 

Had such observations as these been made 2000 or 200 years ago, we 
might now, by repeating them, most probably become acquainted 

with some curious minute changes that may have hitherto passed 

unnoticed. 
The difference between the polar and equatorial diameters of the 

earth is by actual measurement 36.9 miles, by theory 33.8, from 

which it should seem probable that when the earth assumed the 

present form the diurnal rotation was somewhat quicker than it is 

at present. But I would not lay much stress upon this argument. 

The telescopes used were of my own construction, and are a 20-feet 

Newtonian reflector, a 10-feet reflector of the same form, and the 7- 

feet reflector already mentioned (Phil. Trans. 1780, p. 513). 

The time was determined with a brass quadrant of 2 feet radius, car- 

rying a telescope magnifying 40 diameters. 
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1781 71 121 Two very good clocks were used; one having a deal pendulum rod 
and one a compounded one of brass and iron, both having a proper 

contrivance not to stop when winding up. The rate of going of my 

clocks I determined by the transit of stars. 

121 Observations on Jupiter in the year 1778. February 24—April 12. 

(See Plate V, Figs. 1 to 12, drawings of Jupiter.) 

123 Observations on Jupiter in 1779. April 14—April 23. See Plate V, 

Fig. 13 [misprinted 18]. 

124 Comparing the observations two and two the following times of one 

synodical revolution : 

9h 54™ 568,4 from an interval of 17 revolutions; 

95 55™ 208 from an interval of 12 revolutions ; 

9h 55™ 24s from an interval of 15 revolutions; 

9h 55™ 48,6 from an interval of 41 revolutions; 

9h 55™ 408 from an interval of 1 revolution; 

9b 54™ 588.2 from an interval of 29 revolutions ; 

9b 54™ 53,4 from an interval of 26 revolutions ; 

92 §1™ 358 from an interval of 12 revolutions ; 

9b 51™ 458,6 from an interval of 12 revolutions; 

9550™ 48s from an interval of 10 revolutions; 

9» 51™ 195.4 from an interval ot 22 revolutions; combining the 

two preceding. 

126 These several results are so various that it is evident that Jupiter is 

not a proper planet for this critical purpose. This great variety 

cannot proceed from inaccuracy in the observations; for, in my 

opinion, it is not possible to make a mistake in the position of a spot 

which shall amount to 5 minutes of time, as was proved by the ob- 

servation of April 23, 1779. 

126 The synodical revolutions have not been reduced to sidereal ones. 

126 By a comparison of the different periods it appears that a spot grad- 

ually performs its revolutions in less time than it did at first. Ex- 

amples of this are given. 

126 This is consonant with the theory of equatorial winds. 

127 Observations on Mars in the year 1777. (April 8—April 27.) See Plate 

VI, Figs. 14—19, drawings of Mars. 
128 Observations on Mars in the year 1779. (May 9—June 17.) Figs. 

20—23, drawings of Mars. 

130 Comparing the observations of 1779 two and two the periods are: 

24 38™ 15.5 from an interval of 2 revolutions; 

245 34m 18,5 from an interval of 2 revolutions; 

24h 38m 58,9 from an interval of 36 revolutions; 

242 38m 58.4 from an interval of 38 revolutions ; 

24h 38™ 208.3 from an interval of 34 revolutions. 

131 Method of reducing synodic rgvolutions to sidereal (see Fig. 24, dia- 
gram). 

133 The sidereal periods from observations of 1777 and 1779 are: 

24h 39™ 238,03 from an interval of 768 revolutions; 

245 39™ 188,94 from an interval of 763 revolutions; 

24h 39™ 238,04 from an interval of 763 revolutions. 

134 245 39™ 218.67 the adopted sidereal revolution of Mars on his axis. 

[Procronr’s value, 245 37™ 228.715. ] 
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Consideration of three sources of possible error: I, a mistake in the 

whole number of revolutions; II, a mistake in estimating the time 

when a spot comes to a certain place; III, the [determination of 

the] time may be in error. 

A mistake in the whole revolutions would have made an error of 12 in 

the concluded rotation time, and the agreement of the three results 

shows that no such mistake has been made. 

The second cause of error is of some force. An error of 10™ is not 
likely, as is shown by the results of some experiments. These were 

made by placing dots within circles drawn on paper, the (eccentric) 

positions of the dots corresponding to positions of a spot on Mars, 

10, 15, and 20 minutes distant from his centre. These were shown 

to various persons, who all agreed in locating the dots on the proper 

side of the centre. 
The time was satisfactorily determined in 1779, but in 1777 not so 

much so, as I was then not provided with an altitude instrument. 

Allowing for this, the uncertainty of the deduced rotation period is 

estimated at not above 28.34. 

An ephemeris of the times of appearances of a dark spot on Mars has 

been calculated for 1781 [and is given, p. 1381]. 

Observation of the beginning and ending of the solar eclipse of Jane 

24, 1778. 

Account of a Comet. [The planet Uranus.] By Mr. HERSCHEL, F. R. 

S., communicated by Dr. WaTsON, jun., of Bath, F. R. 8. Read 

April 26, 1731. 
‘On Tuesday, March 13 [1781], between 10 and 11 in the evening, 

while I was examining the small stars in the neighborhood of H 

Geminorum, I perceived one that appeared visibly larger than the 

rest. Being struck with its uncommon magnitude, I compared it to 

H Geminorum and the small star in the quartile between Auriga 

and Gemini, and finding it so much larger than either of them, sus- 

pected it to be a comet.” 

The magnifying power used ‘‘when I first saw the comet was 220.” 

By applying higher powers (460 and 932) the diameter of the comet 

increased in proportion to the power, while the diameters of the 

stars to which I compared it were not increased in the same ratio. 

Measures of the comet’s diameter (March 17, April 18); the measures 

vary from 3!’ 53!” to 5” 20. 

““By experience I have found that the aberration or indistinctness 

occasioned by magnifying much, provided the object be still left 

sufiiciently distinct, is rather to be put up with than the power to 

be reduced when the angles to be measured are extremely small.” 

Distance of the comet from certain telescopic stars, [See diagrams of 

these stars and the comet in Plate XXIV, 1-6.] 

Position-angles. 

Miscellaneous observations and remarks, 

March 19: It moves according to the order of the signs, and its orbit 

declines but very little from the ecliptic. 

April 6: The comet appeared perfectly sharp at the edges and ex- 

tremely well defined. 

Remarks on the path of the comet. 

The field of view was bright, the micrometer-thread black. 
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1781 71 500 Description of a Micrometer for taking the angle of position. (See 
PLATE XXXVI, figs. 15:2, °3, 4.) 

This is the modern form. 

i782. 72 = 82) On the Parallax of the Fixed Stars, by Mr. HERSCHEL, F. R. S.; com- 

municated by Sir Josepu Banks, Bart., P. R.S. Read December 
6, 1781. 

82. The nearest of the fixed stars cannot be less than 40,000 diameters of 

the whole annual orbit of the earth distant from us. 

82 As we cannot enlarge this base, we can only endeayor to improve the 

instruments by which we measure the parallax. 

82 To measure small angles with accuracy two things are necessary: 1st, 

that the instrument used for the purpose should be divided with 

sufficient exactness; and 2d, that the telescope should have an ade- 

quate power and distinctness. 

83 The first condition is (now) practically fulfilled. The chief difficulty 

is in the optical part. To see 1’ with precision requires a telescope 
of very great perfection. 

83 Even supposing the parallaxes of stars not to amount to single sec- 

onds, or even thirds [;5'], the observations necessary to show this 

would still have value. . 

84 The next step necessary to consider in this undertaking was the man- 
ner of putting it into execution. 

84 The method proposed by GALILE@, and attempted by Hook, FLAM- 

STEED, MOLINEUX, and BRADLEY, of measuring zenith distances of 

stars which pass close to the zenith, though it failed with regard 

to parallax, has been productive of the most noble discoveries of 

another nature. 

84 Braviey (in Phil. Trans., No. 406, p. 637) concludes that the par- 

allax of y Draconis, or of 7 Urse Majoris, ‘‘is not so great as one 
single second.” 

85 y Draconis is a bright third magnitude, and the conclusion that sev- 

eral authors have reached, that the parallaxes of stars in general do 

not exceed 1’, does not appear to me to follow from the observations. 

For aught we know to the contrary, the stars of the first magnitude 
may still have a parallax of several seconds. 

86 The method of zenith distances labors under the following considera- 
ble difficulties: In the first place, the refractions; 2d, the change 

of position of the earth’s axis, arising from nutation, precession, 

and other causes, is not completely settled; 3d, the aberration, 

though best known of all, may also be liable to some small errors. 

87 I shall now deliver the method I have taken and show that it is free 

from every error to which the former is liable, and is still capable 

of every improvement the telescope and mechanism of micrometers 

ean furnish. 

87 Let O and E (fig. 1) be two opposite points of the earth’s orbit, in the 

same plane with two stars, a and b, of unequal magnitude. Let the 

angle aOb be observed when the earth is at O, and aEb when the 

earthisatE. From the difference of these angles we may calculate 

the parallax of the stars. These two stars ought to be as near each 
other as possible, and also differ as much in magnitude as we can 

find them. 
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GALILEO was the first who suggested this method; but he does not 

observe that the stars should be so near to each other as thereby to 

preclude the influence of every cause of error. 

This method has been also mentioned by other authors. Dr. LONG 

observed y Arietis, wGeminorum, § Orionis, and y Virginis, and ‘‘ was 

persuaded that they would be found always to remain the same.” 

Every one of these stars are [ sic] totally improper for the purpose; for 

the stars in y Arietis are near 10’ distant, and, moreover, equal in 

magnitude. In @ Geminorum the stars are near enough, but do not 

sufficiently differ in magnitude to shew any parallax. The stars 

in the Nebula of Orion, on account of their extreme smallness of 

distance, are still more improper than any; and those of y Virginis 

are equal in magnitude. 

The magnifying powers used by GALILEO and LONG were too small, 

not above 60 or 70. 

From a great number of observations which I have already made on 

several double stars, especially ¢ Bodtis, it appears that we can affirm 

the annual parallax to be exceedingly small indeed; and that there 

is a great probability of succeeding still farther in this laborious 

but delightful research, so as to be able at last to say, not only how 

much the annual parallax is not but how much it really ts. 

Discussion of the effect of refraction on such measures. 

Too much has hitherto been taken for granted in optics. Why the 
method (of experiment) should not be more pursued in the art of 

seeing does not appear. 
We are told that we gain nothing by magnifying too much. I grant 

it; but shall never believe I magnify too much till by experience 

I find that I can see better with a lower power. 

Telescopes will in general discover more small stars the more light 

they collect, yet with a power of 227 I cannot see the small star 

following o Aquile, when by the-same telescope it appears very 

plainly with the power of 460. Now in the latter case the light 

is less than the fourth part of the former. 

Other similar cases noted and the names of the small stars given. 

Great power may be favorable in cases where two stars are close 

together. Figs. 2-5 show a Lyre with powers 460, 2,010, 3,168, 

and 6,450 with my Newtonian reflector. 
A pew micrometer has been invented, which will be described in a 

subsequent paper. 
The powers that may be used upon various double stars are different 

according to their relative magnitudes; ¢ Bodtis, for example, 

will not bear the same power as a Geminoruw. 

I have always found a single eye-glass had much the superiority 

over a double eye-glass, both in light and distinctness. I would 

except those cases where a large field is necessary. 

If we would distinctly perceive and measure extremely small quan- 

tities, such as a tenth of a second, it appears that when we use a 

power of 460 this tenth of a second will be no more in appearance 

than 46’, and even with a power of 1,500 will be but 2/ 30”, which 

is a quantity not much more than sufficient to judge well of ob- 

jects and to distinguish them from each other, such as a circle 

from a square, triangle, or polygon. 
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1782 72 96 [Foot-note.] By a set of experiments made in 1774 I found that I 

could discover or perceive a bright object, such as white paper, 

against the skylight when it subtended an angle of 35’, but could 

only distinguish it to be a circle, and no other figure, when it ap-— 

peared under an angle of 2/ 24”, 
96 We must look for distinctness in the perfection of the object specu- 

lum of a telescope, and if we can make the first image in the 

focus of a speculum almost as perfect as the real object, what 

should hinder our magnifying but loss of light ? 

96 The stars having light sufficient, I see no reason why we should 

limit the powers of our instruments by any theory. 

97 In this research it became necessary to look out for proper stars. I 

took some pains to find out what double stars had been recorded by 

astronomers, but my situation permitted me not to consult exten- 

sive libraries. Nor indeed was it very material; for, as I intended 

to view the heavens myself, Nature, that great volume appeared to 

me to contain the best catalogue upon this occasion. 

97-8 Enumeration of a few double stars which were known when this 
research began. 

98 If I should mention any observations that are difficult to be verified 

I beg the indulgence of observers. I hope it will be found that I 
have sufficiently guarded against optical illusions, and that I have 

all along had truth and reality in view as the sole object of my 

endeavors. 

99 In the observations of the distances of double stars, I have used two 

ways. Those which are extremely near to each other may be esti- 

mated by the eye in measures of their own apparent diameters. 

Such estimations are accurate, as is shown by experiments with 

circles drawn on paper near together. 

100 I have divided double stars into several classes. Class I contains the 

most difficult. 

100 These being the most delicate objects it will not be amiss to go grad- 

ually through a few preparatory steps of vision. 

100 Examples of such preparatory steps given. 

101 These double stars are a most excellent way of trying a telescope. 

10L Class II of double stars contains all those that are proper for estima- 

tions by the eye, or very delicate measures of the micrometer. See 

fig. 6 of a Geminorum. 

102 Estimations made with one telescope cannot be compared to those 

made sith another. 

102 Whatever may be the cause of the apparent diameters of the stars, 

they are certainly not of equal magnitude with the same powers 

in different telescopes, nor of proportional magnitude with differ- 

ent powers of the same telescope. 

102 Class III contains all double stazs more than 5” and less than 15’ 
asunder. 

103 Class IV contains double stars 15’ to 30” asunder. 
Class V contains double stars 30” to 60’’ asunder. 

Class VI contains double stars 60’’ and over asunder. 

103 These may serve another very important end. I will just mention it, 

though it is foreign to my present purpose. Several stars of the 

first magnitude have been observed or suspected to have a proper 

motion of their own; hence we may surmise that our sun, with 
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all its planets and comets, may also have a motion toward some 

particular point of the heavens. If this surmise should have any 

foundation it will show itself in a series of some years in a kind 

of systematical parallax or change due to the motion of the whole 
solar system. 

1782 72 104 Theory of the annual parallax of double stars; General Postulata: 

1. Let the stars be supposed, one with another, to be about the size 

of the sun. 

104 2. Let the difference of their apparent magnitudes be owing to their 

different distances, so that a star of the 2d, 3d, 4th magnitude is 2, 

3, 4 times as far off as one of the first. 

104 [Foot-note.] This is rather the order into which stars ought to be 

divided than that into which they are. And perhaps we ought to 

make an allowance for some loss which may happen to the light of 

very remote stars in its passage through immense tracts of space 

most probably not quite destitute of some very subtle medium. 

I have usually found very small telescopic stars to be red, or inclined 
to red. 

105 Case of the parallax of stars in the ecliptic. 

106 The following general expression for the parallax of two stars: 

Let P express the total parallax of a fixed star of the first magnitude; 

M the magnitude of the largest of the two stars; m the magnitude 

of the smallest, and p the partial parallax to be observed by the 

change in the distance of a double star; then will p = “—* ‘: 

and p being found by observation will give us P = - = . 

107 Cases where the stars are not in the ecliptic. 

1782 72 112 Catalogue of Double Stars. By Mr. HERSCHEL, F. R. 8., communicated 

by Dr. WATSON, jun. Read January 10, 1782. 

112 Introductory remarks. The catalogue contains, I. The names of the 

stars, etc. IJ. Their comparative size. III. Theircolors. IV. Theiz 

distances, which are given several different ways. Those estimated 

by the diameter can hardly be liable to an error of so much as 0.25, 

Those measured by the micrometer may have errors from 1” to 2”, 

A new micrometer [Lamp-Micrometer, P. T., 1782, p. 163], made 

within a few months, gives measures which can be relied on to 0.1 

when a mean of three measures istaken. V. The angles of position; 

when measured they can be relied on to 2° or 3°.. VI. The dates of 

discovery. 

115 Catalogue of Double Stars; First Class [24 stars]. 

120 h Draconis: ‘‘It is in vain to look for them if every circumstance is 

not favorable. The observer as well as the instrument must have 

been long enough out in the open air to acquire the same tempera- 

ture. In very cold weather an hour at least will be required; but 

in a moderate temperature half an hour will be sufficient.” 

122 Second Class of Double Stars [33 stars]. 

128 ¢ Sagitte: the small star brighter with 460 than with 227 or 278. 

129 Third Class of Double Stars [46 stars]. 

131 y Delphini: “I suspect a motion in one of these stars. I thought it 

best not to join other observations” to those of 1779. 

-136 Fourth Class of Double Stars [44 stars]. 
142 Fifth Class of Double Stars [51 stars]. 
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t Bootis: “T suspect a motion in one of the stars, which another year 

or two may show.” 

vy Draconis: ‘‘From the position in FLAMSTEED’s catalogue” we gather 

that in his time their distance was * * * *. The difference in 

the distance of the stars is so considerable that we can hardly ac- 

count for it otherwise than by admitting a proper motion in one or 

both of the stars or in our solar system; most probably neither of 

the three is at rest.” 
a Lyrae: I have often measured the diameters of the fixed stars, and 

found they measured less and less the more I magnified. Witha 

power of 6450 I looked at this star for at least a quarter of an hour, 

x * * having experimentally found that the aberration by this 

means will appear less and less. a Lyre was perfectly round; its 
diameter was 0/'.3553. 

Sixth Class of Double Stars [66 stars]. 

o Ceti: “TI can hardly doubt the motion of this star.” 

Postscript to the Catalogue of Double Stars. 

Since delivering the paper on the Parallax of the Fixed Stars [ Phil. 

Trans., 1782], in which Irefer to the above Catalogue of Double Stars, 

[have receiveda paper of Mr. Mayrr’s ‘‘De novisin Celosidereo phe- 

nomenis” wherein I see that the idea of ascertaining the proper mo- 

tion of the stars by means of small stars near large ones has induced 

that gentleman before me to look out for such small stars. My view 

being that the annual parallax required stars much nearer than 

those that would do for Mr. MAayER’s purpose, therefore I exam- 

ined the heavens with much higher powers, and looked out chiefly 

for those that were exceedingly close. The above catalogue con- 

tains 269 double stars, 227 of which, to my present knowledge, have 

not been noticed by any person. I hope they will prove no incon- 

siderable addition to the general stock, especially as there are.a 

great many which are out of the reach of Mr. Mayer’s and other 

mural quadrants or transit mstruments. 

A power of 70 or 80 was not enough for the stats of Class I nor even 

those of Class II. 
In settling the relative situation of very close double stars neither Mr. 

MAyYEr’s instrument nor his method were adequate to the purpose. 

Comparison of the measures of MAYER and HERSCHEL on a Gemi- 

norum : 
“Mr. MAYER: Distance, 9/’.635 from center to center; position, 239 

14’ n. preceding; magnitude, extremely unequal. Mine: Distance, 

5/’.156, diameter included; position, 32° 47’ n. preceding; magni- 

tudes, a little unequal.” [See Fig. 6, Plate IV, for a cut of the ap- 

pearance of this star with power of 460. ] 

Ido not mean to depreciate Mr. MAYER’S method ; with stars of Classes 

IV, V, VI, and some of Class III, better can hardly be wished for; 

it is not sufficient for stars of Class II, much less for those of Class I. 

Ihave used the expression ‘‘ double star” in a few instances of Class VI 

in rather an extended signification. I preferred that expression to 

any other such as comes, companion or satellite, because, in my 

opinion, it is much too soon to form any theories of small stars re- 

volving round large ones. 
I shall not fail to take the first opportunity for looking out for those 

of Mr. MAYER’s double stars which I have not in my catalogue, 

amounting to 31, and also for [another in Connaissance des Tems]. 
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S. Mis. 31 

Description of a Lamp Micrometer, and the method of using it. By Mr. 

WILLIAM HERSCHEL, F. R. 8. Read January 31, 1782. 

The imperfections of the parallel wire micrometer in taking the meas- 

ures of close double stars are [described]: 1st, that the measures 

must include the diamters of the stars ; 2d, the deflection of the light 

on the wires [single threads of the silk-worm were used]; 3d, the 

uncertainty of the zero; 4th, the imperfection of the screw; 5th, 

the necessary illumination of the field. 

The Lamp-Micrometer is free from all these defects. Description and 

reference to Plate V. 

The powers of HERSCHEL’s telescopes were [at this time] determined 

by looking at a scale with one eye free and the other at the instru- 

ment. 

Description of the method of observing. 

“CA little practice in this business soon makes it easy, especially to one 

who has already been used to look with both eyes open.” 

Example of the measure of the position of a Herculis. 

(‘*My telescope bears a power of 460 so well that for a twelvemonth 

past I have hardly used any other.”) 

‘A power of 932 on fine evenings is very distinct,” and gives more 

than half an inch to a second on the Lamp-Micrometer. 

Other applications of this micrometer are to the measures of the di- 

ameters of the planets and satellites, the mountains of the moon, 

the diameters of the fixed stars, ete. 

Example of the measure of the diameter of w Lyre [diameter 0/.355]. 

Nov. 28, 1781. I measured the diameter of the new star [ Uranus]. 

The diameter of this ‘‘ singular star” was 5/’.022. 

A paper to obviate some doubts concerning the great magnifying powers 

used. By Mr. HERSCHEL, F. R. 8S. 

[In the form of a letter to Sir JosepH BANKs, Prest. R.-S.] 

i have the honor of laying before you the result of a set of measures 

I have taken to ascertain once more the powers of my Newtonian 

7-feet reflector. 
The method described. The solar focus of one of the eye-pieces was 

measured five times and found to be 1.01, 1.04, 1.09, 1.01, 1.05 in 

half-inch measure. The sidereal focus of my 7-feet speculum in the 

same measure is 170.4. The mag. power of that lens is, then, 163.8. 

This eye-lens was then compared with others by measures of the 

diameter of a brass wire [details of the experiment given]. 

Powers as they have been called in my papers, 146, 227, 278, 460, 754, 

932, 1159, 1536 [this lens lost 8 months ago], 2010, 3168, 6450. 

Powers as they come out by this method, 163.86, 250.7, 301.8, 496.7, 

775.1, 986.7, 1179.9, ——, 2175.8, 2585.5, 5786.8. 
Description of the method formerly used to determine these powers: In 

1776 a mark of white paper exactly half an inch in diameter was 

viewed at the greatest convenient distance with the least magnifiers, 

An assistant was placed at rectangles in a field at the same distance, 

and upon a pole there erected I viewed the magnified image of the 

half inch which was marked by my direction. The power thus ob- 

tained was corrected to reduce it to what it would be upon infinitely 

distant objects. The powers of the rest of the lenses I deduced 

from this by a camera eye-piece. [See Plate VI, figs. 1 and 2.] 

34 
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1782 72 176 The inconvenience of the first method is that we find out how much 
the telescope should magnify rather than how much it really does 

magnify. 

177 Toprevent any mistakes I wish to mention again that I have all along 

proceeded experimentally in the use of my powers, and that I do 

not mean to say I have used 6450 (or 5786) upon the planets, or even 

upon double stars. The use of high powers is a new and untrodden 

path, and in this attempt variety of new phzenomena may be ex- 

pected, therefore I wish not to be in a haste to make general con- 

clusions. I shall not fail to pursue this subject, and hope soon to 

be able to attack the celestial bodies with a still stronger armament 

which is now preparing. 

178373 1 A letter from William Herschel, esq., F. R. S., to Sir JOSEPH Banks, 

Bart., P. R. S. 

1 The name Georgium Sidus proposed for the new star discovered in 

March, 1781. [ Uranus. ] 

1783 73 4 On the Diameter and Magnitude of the Georgium Sidus ; with,a description ‘i 

of the dark and lucid disk and periphery micrometers. By WILLIAM 

HERSCHEL, Esqr., F. R. 8S. Read November 7, 1782. 

5 The measures of the diameter of the Georgium Sidus formerly commu- 

nicated give 4” 36}/". But not being satisfied, when I thought it 

possible to obtain much more accurate measures, I employed the 

lamp micrometer. 

5 A lucid disk and not two lucid points was really required, and the 

following apparatus was contrived. [Description follows.] The 

6 planet was kept by a good screw opposite and covering illuminated 

oiled paper disks, and the sizes of these measured. 

7 Observations on the Light, Diameter, and Magnitude of the Georgium 

; Sidus. [From Oct. 22, 1781, to Nov. 4, 1782. ] 

7 Oct. 22, 1781, ‘“‘had a fine, bright, steady light, of the color of Jupiter, 

or approaching to the light of the moon.” 

Oct. 2, 1782. ‘The planet unexpectedly appeared bluish,” while the 

oiled disk was reddish. 

9 Oct. 10, 1782, determined the magnifying power of the telescope 

again in a new way [described ]. 

11 There is one cause of inaccuracy or deception in very small [close] 

measures, long suspected but never yet sufficiently investigated. 

A dispersion of the rays of light in the atmosphere may be admit- 

ted; a concentration may also take place. 

11 Oct. 12, 1782. The planet visible to the naked eye. 

11 Oct. 13, 1782. ‘‘I perceived no flattening of the polar regions.” 

12 Nov. 4, 1782. ‘I was now fully convinced that light, be it in the 

form of a lucid circle or illuminated periphery, would always occa- 

sion the measures to be less than they should be, on account of its 

vivid impression upon the eye” [and a dark circle in a bright 

square was used for comparison ]. 

12 A method to discever the quantity of the deception arising from the 

illumination pointed out. 

13 The diameter of the Georgium Sidus cannot well be much less, nor 

perhaps much larger, than about 4”. 

@ 
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1783 73 247 On the proper motion of the Sun and Solar System; with an account of 

several changes that have happened among the fixed stars since the time 

of Mr. FLAMSTEED. By WILLIAM HERSCHEL, Esq., F. R. S. 

Read March 6, 1783. 

247 Several of the fixed stars have a proper motion. 

248 We may strongly suspect that there is not, in strictness of speaking, 

one fixed star in the heavens, and reasons which I shall adduce 

will render this so obvious that there can hardly remain a doubt of 

the general motion of all the starry systems, and, consequently, of 

the solar one among the rest. 

248 Reasons drawn from the theory of attraction evidently oppose every 

idea of absolute rest in any one of the stars, when once it is known 

that some of them are in motion. 
249 I will give a general account of the most striking changes which I 

have found to have happened in the heavens since FLAMSTEED’S 

time. J have now almost finished my third review. 
249 The first review was made with a Newtonian telescope something less 

than 7 feet focal length, a power of 222, and an aperture of 4} inches. 

It extended only to stars of the first, second, third, and fourth mag- 

nitudes. 

249 Of my second review I have given some account in Phil. Trans., vols. 

LXX, LXXI, LXXI. It was made with an instrument much supe- 

rior to the other of 85.2 inches focus, 6.2 inches aperture, and 

power 227. It extended to all the stars of Harris’s maps, and the 

telescopic ones near them as far as the eighth magnitude. The 

Catalogue of Double Stars and the discovery of the Georgium Sidus 

were the results of that review. 

My third review was with the same instrument and aperture, but 

250 with a power of 460. This extended to all the stars of FLam- 

STEED’S catalogue, together with every small star about them, to 

the amount of a great many thousands of stars. 

250 It may be proper to mention that I have many a night, in the course 

of 11 or 12 hours of observation, carefully and singly examined not 

less than 400 celestial objects, besides taking measures, and some- 

times viewing a particular star for half an hour together, with all 

the various powers. 

250 The particularities attended to in this [third] review were— 

1. The existence of the star itself, such as it is given by FLaM- 

STEED. 

2. To observe well whether it was single or double, well defined 

or hazy. 

3. To view and mark down its particular color. 

4. To examine all the small stars in the neighborhood as far, at 

least, as the twelfth magnitude. 

The results of these observations I shall collect under a few general 

heads, as follows: 

250 J. Stars that are lost or have undergone some capital change 

since FLAMSTEED’s time. 

254 II. Stars that have changed their magnitude since FLAMSTERD’S 

time. 

257 III. Stars newly come to be visible. 

[Several red and garnet stars in this list. ] 
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Here we ought to observe that it is not easy to prove a star to be 

newly come. 

“Does it not seem natural that these observations should cause a 

strong suspicion that most probably every star in the heavens is 

more or less in motion?” For though their proper motions could 

not cause all these changes, yet we may well suppose that motion 
is in some way concerned. 

A slow motion, for instance, in an orbit round some opaque body 

might account for some of these changes, while others might be 

owing to the periodical return of large spots, which become visi- 

ble by a rotation. The idea also of a body flattened by a quick 

rotation and having a motion whereby more of the luminous surface 

would be exposed at one time than another tends to the same end. 

If the proper motion of the stars be admitted, who can deny that of 

our sun? Admitting this for granted, the greatest difficulty will 

be to discern the proper motion of the sun between so many other 

motions of the stars. This is an arduous task indeed, but we are 

not to be discouraged in the attempt. Let us at all events en- 

deavor to lay a good foundation for those who are to come after us. 

I shall therefore now point out the method of detecting the direc- 

tion and quantity of the supposed proper motion of the sun, and 

show that we have already some reasons to guess which way the 

solar system is probably tending its course. [See Figs. 1 and 2.] 
From the explanation of the figures it follows that— 

1. The greatest or total systematical parallax of the fixed stars will 
fall upon those that are in the line DE at rectangles to the direc- 

tion AB of the sun’s motion. 

2. The partial systematical parallax of every other star [defined in 

amount ]. 

3. The parallax of stars at different distances will be inversely as 

those distances. 

4, Every star at rest, to a system in motion. will appear to move in a 

direction contrary to that in which the system is moving. 

Hence it follows that if the sun be carried toward any star in the 

ecliptic, every star in [one half of the ecliptic] will decrease in 

longitude, and every star in [the other half] will increase. 

No method is so proper for this purpose as to divide our observations 

into 3 zones, viz: the equator and the two colures, and double 

stars are the most suitable for the purpose. Each of the 3 zones 

{contains double stars, which are in the previous list]. 

The equatorial zone, 20° wide, contains 150 stars. [List of them 

given. | 

The zone of the equinoctial where 20° wide contains 70 double stars. 

[List given. ] 

The zone of the solstitial where 20° wide contains 120 double stars. 

[List given. ] 

A zone 20° wide of the ecliptic of 120 double stars may be added. 

[List given. ] 
It remains now only for me to make an application of this theory to 

some of the facts we already know. 

And first let me observe that the rules of philosophizing direct us to 

refer all phenomena to as few and simple principles as are sufficient 

to explain them. [An example given. ] 
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Dr MASKELYNE’S proper motions of seven of the stars quoted, and 

the positions of these stars plotted on Fig. 3. 

The motion of the sun towards the constellation of Hercules from a 

point not far from the 77th degree of right ascension to its oppo- 

site 257th degree will account for the proper motions of these stars 

by the single motion of the Solar System. 

LALANDE gives the proper motion of 12 stars [table], and Fig. 4 rep- 

resents them projected on the plane of the equator. These stars 

with others [named] give us 27 motions to be accounted for. Our 

supposition of the sun’s motion accounts for 22 of these, so there 

are but 5 exceptions, which must be resolved into the real proper 

motions of the stars. 

The apparent exception of Castor considered [and the physical con- 

nection of the two components is not assumed ]. 

The apex of the solar motion defined. 

As to the quantity of the solar motion I can only offer a few distant 

hints. 

The solar motion can certainly not be less than that which the earth 

has in her annual orbit. 

Future observations will soon throw more light on this interesting 

subject, and either fully establish or overthrow the hypothesis. 

To this end I have already begun a series of observation upon 

several zones of double stars, and should the result of them be 

against these conjectures I shall be the first to point out their 

fallacy. [Dated at Datchet, near Windsor, Feb. 1, 1783.] 

Postscript to the paper on the Motion of the Solar System. 

Mr. AUBERT has furnished me with ToB. MAYER’s Opera Inedita, 

which contains a catalogue of 80 stars observed by MAYER in 1756, 

compared with ROEMER’s observations of 1706. 

I have used these stars and left out of the list all those whose proper 

_motions MAYER considers doubtful and the fourteen stars already 

examined, and which have been shown to support the hypothesis. 

The rest are drawn up in two tables. The first contains the stars 

that agree with my assigned motion of the solar system. The sec- 

ond contains those stars whose motions cannot be accounted for on 

my hypothesis, and must therefore be ascribed to a real motion in 

the stars themselves or to some still more hidden cause of a still re- 

moter parallax. 

[This phrase is explained by a foot-note, as follows:] 

[Foot-note.] Mr. MicHELL’s admirable idea of the stars being col- 
lected into systems appears to be extremely well founded; though 

it does not, in my opinion, take away the probability of many stars 

being still, as it were, solitary or intersystematical. Hence there may 

be a proper motion of the whole system to which a star belongs. 

Examples given of an inhabitant of Saturn’s fifth satellite; or a 

small nebula may consist of many stars and have a proper motion 

as a system. 

[Foot-note.] We see, then, that while the sun is going toward a cer- 

tain point of the heavens each of the stars belonging to the sidereal 

system, of which the sun is one, will be affected as I have shown 

[p. 261] notwithstanding the whole system should have a real mo- 

tion in absolute space, and change its position with respect to other 

systems or intersystematical stars. 
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of the heavens, a concurrence of proper motions of quite a different 

direction we shall then perhaps begin to form some conjectures as 

to which stars may possibly belong to ours and which to other 

systems. 

278 Discussion of the data of the tables. 

279 The general law according to which the declinations of the stars are 

281 

283 

233 

234 

235 

237 

238 

241 

243 

247 

248 

252 

254 

254 

256 

governed is this: Let an arc of 90° be applied to the sphere of the 

fixed stars so as always to pass through the apex of solar motion. 

Then while one end of it is drawn along the equator the other will 

describe a closed curve. The law is that all stars in the northern 

hemisphere situated within the nodated part will seem te go to the 

north by the motion of the solar system; the rest will appear to go 

southward. <A similar law applies for the southern hemisphere. 

See Fig. 5 and Fig. 6 and the explanation, p. 280. 

A paragraph of MayEr’s [quoted] which seems to contain an objec- 

tion against the solar motion is really a good argument in its favor, 

as is shown. MAYER’S paper was read in 1760, and mentions the 

motion of the solar system as a very possible thing, and points out 

some of the consequences of such a motion. 

The foot-note gives a reference to two other papers of the same sort, 

one by WILSON (1777), and one by LALANDE (1776). 

On the remarkable appearances at the polar regions of the planet Mars, the 

inclination of its axis, the position of its poles, and its spheroidical fig- 

ure; with a few hints relating to its real diameter and atmosphere. By 

WILLIAM HERSCHEL, Esq., F. R. S. Read March 11, 1784. 

The polar spots of Mars may afford a good means of ‘‘ settling the in- 

clination and nodes of that planet’s axis.” It was a question to be 

settled by observation how far these spots were permanent and in 

what latitude of Mars they were situated. 

Observations from 1777, April 17, to 1783, Noy. 11. See Plate VI, 

where there are 24 drawings. 

1783, May 20. The polar spot, which is bright, seems to project above 

the disk by its splendor. 

[From observations up to 1783, Sept. 25.] I concluded that none of 

the bright spots were exactly at the poles, though not far from them. 

Appearances explained by graphical constructions, Plates VII, VIII, 

EXE PX: 

Table giving the synodical places of the spots at the times of the dif- 

ferent observations. 

Of the direction or nodes of the axis of Mars, its inclination to the ecliptic, 

and the angle of that planet’s equator with its own orbit. 

Observations of angle of position of the polar spots. 

Method of correcting the observations. 

Table of resulting corrections. 

From 13 observations reduced to 1783, October 4, the position of the 

axis of Mars was 55° 41’ s. f. 

From 2 observations reduced to 1781, June 25, this position was 75° 

inh? oe 7s 

256 The north pole of Mars must be directed towards some point of the 

258 

heavens between 9 s. 24° 35’ and 0 s.7° 15’. 

Method of reducing the elements from the ecliptic to the orbit of Mars. 
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Inclination of the axis of Mars 61° 18’ to the orbit; the node being in 

19° 28’ of Pisces. 

The analogy between Mars and the earth pointed out. 

The bright polar spots are probably owing to the vivid reflection of 

light from frozen regions, and the reduction [in size] of these spots 

is to be ascribed to their being exposed to the sun. 

Of the spheroidical figure of Mars. 

Observations relating to the polar flattening of Mars. 

These all show a difference in the polar and equatorial diameters; 

even when the mirrors of the telescopes are turned 90° in their 

tubes, and various telescopes employed. 

To avoid the corrections for phase, the measures taken on the day of 

opposition will be adopted, these having been satisfactory. 

The equatorial diameter of Mars is to the polar as 1355 to 1289. 

Corrections to this ratio considered, and the former result changed to 

1355 to 1272, or as 16 to 15 nearly. 

This difference does not depend on distortions from the eye-pieces or 

objectives employed. 

The equatorial diameter of Mars at distance 1 is 9” 8’”, 

The atmosphere of Mars. Dr. SmirH reports an observation of Cas- 

SINS where a star about to be occulted by Mars became extremely 

faint 6’ frem the disk of the planet. 

Observations by HERSCHEL of faint stars near Mars, which show them 

not to be more affected than the nearness of its superior light would 

warrant. 
From other phenomena it appears, however, that this planet is not 

without a considerable atmosphere; for besides the permanent spots 

on its surface I have often noticed changes in both bright and dark 

belts, and these alterations we can hardly ascribe to any other cause 

than the variable disposition of clouds and vapors floating in the 

atmosphere of that planet. 

Result of the contents of this paper : 

The axis of Mars is inclined to the ecliptic 59° 42’. 

The node of the axis is in 17° 47’ of Pisces. 
The point Aries on the Martial ecliptic answers to our 19° 28’ of 

Sagittarius. 

The figure of Mars is that of an oblate spheroid whose equatorial di- 

ameter is to the polar one as 1355 to 1272, or as 16 to 15 nearly. 

The equatorial diameter of Mars reduced to the mean distance of the 

earth from the sun is 9’ 8’”’. 
And that planet has a considerable but moderate atmosphere, so that 

its inhabitants probably enjoy a situation in many respects similar 

to ours. 

[Dated] Datchet, Dec. 1, 1783. 

Account of some observations tending to investigate the construction of the 

heavens. By WILLIAM HERSCHEL, Esq., F. R. S. Read June 17, 

1784. 
A new Newtonian telescope has lately been completed, the object 

speculum being 20 feet in focal length and its aperture 187 inches. 

It is mounted in the meridian and gives positions only in a coarse way. 

It would perhaps have been more eligible to have waited longer in 
order to complete the discoveries that seem to lie within the reach 
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of this instrument, and are already, in some respects, pointed out 

to me by it. 

By taking more time I should undoubtedly be enabled to speak more 

confidently of the interior construction of the heavens and its vari- 

ous nebulous and sidereal strata, of which this paper can give only a 

few hints. 

As an apology for this prematurity it may be said that the end of all 

discoveries being communication, we can never be too ready in giv- 

ing facts and observations, whatever we may be, in reasoning upon 

them. 

Hitherto the sidereal heavens have been represented by the concave 

surface of asphere. In future we shall look upon those regions 
into which we may now penetrate as a naturalist regards a rich ex- 

tent of ground containing strata variously inclined and directed as 
well as consisting of very different materials. 

Resolution of the milky way. 

Number of stars visible in field of the 20-foot telescope. 

Examination of MESSIER’S nebulez. 

442-446 New nebulx have been found with the first 20-foot reflector of 12 

442 

443 

445 

446 

448 

448 

449 

449 

1785 7 40 

40 

inches aperture; figures of some of these given in Plate XVII. 

Arrangement of nebul# and clusters in strata, sometimes of great 
length. 

Sun near the centre of the milky way. See Plate XVIII. 

Star gauging defined. 
Table of results of star gauging from 155 01™ to 16537™ R. A. and from 

92° to 94° N. P. D., and 115 16™ to 145 30™ and 78° to 80° N. P. D. 
The solar motion explained by the situation of the sun in the milky 

way. 
Local distribution of nebule—nebule are often surrounded by spaces 

vacant of stars. 

Strata of Cancer and Coma, Berenices described. 

Although my single endeavors should not succeed in a work which 
seems to require the joint effort of every astronomer, yet so much 

we may venture to hope that by applying ourselves with all our 

powers to the improvement of telescopes, which I look upon as yet 

in their infant state, and turning them with assiduity to the study 

of the heavens, we shall in time obtain some faint knowledge of, 

and perhaps be able partly to delineate, the interior construction 

of the universe. 

With this memoir is a plate of figures of nebula. Plate XVII, fig. 1, 

M. 98; 2, M. 53; 3, H., ii, 28 [resolvable]; 4, H.,i,18; 5, H, iii, 15; 

6, Hojiv, os 7H, dv, 23"0,, av. ds 0) 10s sdd a. oho et Oat on 

Also Plate XVIII, construction of the heavens—cloven disk. 

Catalogue of Double Stars. By WitLt1AM HERSCHEL, Esq., F. R. S. 
Read December 9, 1784. 

Introductory remarks. The great use of double stars having already 

been pointed out in a former paper on the Parallax of the Fixed 

Stars, and in a latter one on the Motion of the Solar System, I have 

now drawn up a second collection of 434 more, which I have found 

out since the first was delivered. 

The method of classing them is in every respect the same as that 

which is used in the first collection. 
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1785 75 41 Method of identifying and describing the positions of the stars. 

43 I would recommend a precaution to those who wish to examine the 

closest of my double stars. It relates to the adjustment of the focus. 

Supposing the telescope and the observer long enough out in the 

open air to have acquired a certain temperature, and the night suf- 

ficiently clear, let the focus be readjusted with the utmost delicacy 

upon a star known to be single, of nearly the same altitude, magni- 

tude, and color as the star to be examined. 

44 Let the phenomena of the adjusting star be well attended to, as to 

whether it be perfectly rounded and well defined, or affected with 

little appendages, etc. Such deceptions may be detected by turn- 

ing or unscrewing the object glass a little in its cell, when those 

appendages will be observed to revolve the same way. 

44 Being thus acquainted with the imperfections as well as the perfec- 

tions of the instrument, and going immediately from the adjusting 

star, we may hope to be successful. 

45 All the observations here given were made with a power of 460 unless 

they are marked otherwise. 

45 The measures were all taken with a parallel silk-worm’s-thread mi- 

crometer and a power of 227 only, from the center of one star to the 

center of the other. 

46 The threads subtend an angle of 1’ 13’” only. 

46 The positions have all been measured with a power of 460 on a mi- 

crometer made for me according to the model given in the Phil. 

Trans., vol. 1xxi, page 500, fig. 4. 
W. HERSCHEL. 

[Dated] Datchet, near Windsor, Nov. 1, 1784. 

47 CATALOGUE OF DOUBLE Stars, First CLass. [Nos. 25 to 97.] _ 

48 [Foot-note. ] Could we increase our power and distinctness at pleasure 

we might undoubtedly separate any two stars that are not abso- 

lutely in a direct line. * * * This will appear when we con- 

sider that perhaps £3 of the diameter of a star are spurious. It 

would have been curious if a considerable difference in the colors 

could have led us to discover which of the two stars is before the 

other! But by far the greatest part of their diameters being spu- 

rious, it is probable that a different-colored light of two stars would 

join together where the rays of one extend into those of the other; 

and so, producing a third color by the mixture, still leave the ques- 

tion undecided. 

51 [Foot-note.] The interval between very unequal stars estimated in 

diameters generally gains more by an increase of magnifying power 

than the apparent distance of those which are nearer of a size. 

However, this only seems to take place when there is a difficulty of 

seeing the object well with a low power. 

65 SECOND CLASS OF DOUBLE Stars. [Nos. 39 to 102.] 

[Foot-note. ] When the small star is so faint as not to bear the least 

illumination of the wires, its position may still be measured by the 

assistance of some wall or other object ; for an eye which has been 

some time in the dark can see a wall in a starlight night sufficiently 

well to note the projection of the stars upon it inthe manner which 

has been described with the lamp micrometer. Then introducing 

some light, and adapting the fixed wire to the observed direction 
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of the stars on the wall, the moveable wire may be set to the par- 

allel of the large star, which will give the angle of position pretty 
accurately. 

THIRD CLASS OF DOUBLE Stars. [Nos. 47 to 114.] 

[Foot-note.] With regard to small stars that become visible by an in- 

crease of magnifying power, we may surmise that it is partly owing 

to the greater darkness of the field of view arising from the increased 
power, and partly to the real effect of the power. 

[Foot-note.] The prismatic power of the atmosphere, of which little 

notice has been taken by astronomers, is that part of its refractive 

quality whereby it disperses the rays of light and gives a lengthened 

and colored image of a lucid point. It is very visible in low stars; 

Fomalhaut, for instance, affords a beautiful prismatic spectrum [ex- 

periments given], which explain also why a star is not always best 

in the center of the field of view; a fact I have often noticed before 

I knew the cause. 

FourTH CLASS OF DOUBLE Stars. [Nos. 45 to 132.] 

Firta Ciass oF DOUBLE Stars. [Nos. 52 to 137.] 

SrxTH CLAss OF DOUBLE Stars. [Nos. 67 to 126.] 

Additional Errata to the Catalogue of Double Stars, Phil. Trans., vol. 
Ixxii. 

Plate V gives figures of 44 Lyncis and yp Auriga. 

On the Construction of the Heavens. By WiLL1AM HERSCHEL, Esq., F. 

R. 8S. Read Feb. 3, 1785. 

In an investigation of this delicate nature we ought to avoid two op- 

posite extremes. If we indulge a fanciful imagination and build 

worlds of our own, we must not wonder at our going wide from the 

path of truth and nature. On the other hand, if we add observa- 

tion to observation, without attempting to draw not only certain 

conclusions but also conjectural views from them, we offend against 

the very end for which only observations ought to be made. I will 

endeavor to keep a proper medium, but if I should deviate from that, 

I could wish not to fall into the latter error. 

Theoretical view of the formation of nebule. 

Form I. Condensation of neighboring stars about a central and larger 

star; globular forms. 

Form II. Condensation of neighboring stars about a nucleus of con- 

tiguous stars; condensed irregular forms. 

Form III. Condensation about a stream of stars, producing a form 

coarsely similar to the prototype: extended, branching, compound 
forms. 

Form IV. Compound forms derived from the mutual attraction of 

clusters. 

V. Vacancies will then arise in the surrounding space. 

Objection to the above views; they tend to show a gradual destruc- 

tion of the universe. Response, that space is infinite and that the 

occasional destruction of one star may operate to give life to the 
rest. 

Optical appearances to an observer within a nebula of the third form. 

Results of observation—star gauges. 

221-240 Gauges throughout the 24" in R. A. Results given in detail in a 
Table. 

is 
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The stars being supposed to be nearly equally scattered, and their 

number in a field of view of known angular diameter being given, 

to determine the length of the visual ray. Solution of the problem. 
Another solution. 

We inhabit the planet of a star belonging to a Compound Nebula of the 
third form. 

Proof that the sun is situated in a compound nebula of Form III. 
Use of the gauges. 

Section of our sidereal system. 

The origin of nebulous strata. 

An Opening in the Heavens. M. 80 and M. 4 on the edges of vacancies. 
Phenomena at the Poles of our nebula. 

Enumeration of very compound nebule or milky ways. Ten described, in- 

cluding those of Orion and Andromeda. 

A Perforated Nebula or Ring of Stars. Account of nebula of Lyra. G.C., 

4447, 

Planetary nebule. Observations of G. C., 4628, 4964, 4572, 4565, 826, 
2102, 4302. 

The accompanying plate, viii, gives a figure of a section of the milky 
way. 

Catalogue of one thousand New Nebule and Clusters of Stars. By WI- 
LIAM HERSCHEL, LL. D., F. R. 8S. Read April 27, 1786. 

Description of sweeping telescope; Newtonian; 20 feet focus, 18.7 in. 

aperture, power 157, field 15’ L4’’. 

Description of the method of sweeping. 

Probable errors of the places given by the sweeps before 1783, Dec. 

13, Aa=1™; A6 8’-10’, during 1784 Aaaw< 308; Ad <5’. 
Till 1785, September 24, da < 128; Ad <4’. 

Till 1786, April, Aw< 68; Ad < 2’. 

When the diurnal motion of the earth was first maintained it could 

not but add greatly to the reception of this opinion when the 

telescope showed Jupiter, Mars, and Venus revolving on their axes; 

in the same way the view of so many sidereal systems will add 

credit to what I have said in regard to the construction of the 

heavens. For to the inhabitants of the nebulx of the present cata- 

logue our sidereal system must appear either as a small nebulous 

patch; an extended streak of milky light; a large resolvable neb- 
ula; a very compressed cluster of minute stars, hardly discernible ; 

or as an immense collection of large scattered stars of various sizes, 

according as their situation is more or less remote from ours. 
Definition of classes of nebule and clusters. 

A map of positions of nebulz was made for identification [by means 

of which the laws of aggregation of the nebule were gradually dis- 

covered ]. 

Explanation of a short method of describing the appearance of a neb« 
ula by letters. 

Catalogue: 

Class I No.1 to No. 93 

Ii No. 1 to No. 402 

III No.1 to No. 376 

IV No.1 to No. 29 

V No.1 to No. 24 
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494 Class VI No.1 to No. 19 

496 Vil Now se tomNose Ay 

496 VIII No.1 to No. 40 

498 Notes to special nebule. 

1786 76 500 Investigation of the cause of that indistinctness of vision which has been 

ascribed to the smallness of the optic pencil. By WILLIAM HERSCHEL, 

LL.D., F. R. 8. Read June 22, 1786. 
500 Soon after my first essay of using high powers with the Newtonian 

telescope, I began to doubt whether an opinion which has been en- 

tertained by several eminent authors ‘‘that vision will grow indis- 

tinct when the optic pencils are less than the fortieth or fiftieth 

part of an inch” would hold good in all cases. 

I perceived that, according to this criterion, I was not entitled to see 

distinctly with a power much more than about 320 in a 7-foot tele- 

scope of an aperture of 6.4 inches; whereas in many experiments 

I found myself very well pleased with magnifiers which far ex- 

ceeded such narrow limits. 

This induced me, as it were, by way of apology to myself for seeing 

well where I ought to have seen less distinctly, to make a few ex- 

periments. 

501 The first experiments I made were in 1778, and the result of them 

proved so decisive that I have never since resumed the subject, 

and had it not been for a late conversation with some of my highly 

esteemed and learned friends, I might probably have left the 

papers on which these experiments were recorded among the rest 

of those that are laid aside when they have afforded me the infor- 

mation I want. 

501 Experiments with the naked eye. 

502 Microscopic experiments. 

Exp. 3. With a pencil of s4z of an inch I saw very distinctly. 

503 Exp. 4. With a pencil of 7}, of an inch I saw very distinctly. 
Exp. 5. With a pencil of 3/59 of an inch I saw very distinctly. 

Exp. 8. With a pencil of 3);5 of an inch I saw very distinctly. 

504 Exp. 10. It occurred to me that a certain proportion of aperture 

might be necessary to a given focal length of an object-glass or 

specuium. 

505 Exp. 10, 11, 12, 13, show that to see well in microscopes like the one 

used, the aperture of the object glass must bear a considerable 

proportion to its focal length. 

505 Exp. 15 shows that 3;th part of the focal length is not a sufficient 
aperture. 

507 As soon as convenient I intend to pursue this subject; at present my 

engagement with the work of a 40-feet reflector will hardly permit 
so much leisure, and till I have repeated, extended, and varied 

these experiments, I would wish them to be looked upon as mere 

hints. 

1787) 77 4 Remarks on the new Comet. Ina letter from WILLIAM HERSCHEL, LL. 

D., F. R. S., to CHARLES BLAGDEN, M. D., Sec. R. S. Read Nov. 

16, 1786. [Dated Slough, near Windsor, Nov. 15, 1786.] [This 

comet was discovered by CAROLINA HERSCHEL, August 1, 1786, 

: during the absence of WILLIAM HERSCHEL on a visit to Germany. 

It was comet 1786, II. ] 
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An account of the discovery of two satellites revolving round the Georgian 

Planet. By WILLIAM HERSCHEL, LL. D., F.R.S. Read Feb. 15, 1787. 

I had frequently directed large telescopes to this remote planet to see 

if it were attended by satellites, but failed for the want of sufficient 

light in the instruments I used. 

In the beginning of [January, 1787] I found that my telescope used as 

a front view gave much more light. On the 11th of January I selected 

a sweep which included the Georgian Planet, and noted down the 

places of the small stars near it. The next day two of these were 

missing. To satisfy myself I noted down all the small stars on the 

14th, 17th, 18th, and 24th of January, and the 4th and 5th of Feb- 

ruary, and though I had no longer any doubt of the existence of at 

least one satellite, I thought it right to defer this communication 

till I could see it actually in motion. Accordingly I began to pur- 

sue this satellite on February the 7th, at about 6 o’clock in the eve- 

ning, and kept it in view till three in the morning on Feb. the 8th, 

and during those nine hours I saw this satellite faithfully attend its 

primary planet and describe a considerable arc of its proper orbit. 

While I was attending to the motion of this satellite I did not forget 

to follow another small star which I was pretty well assured was 

also a satellite. 

The first-discovered satellite [Oberon] is the farthest from the planet 

and I shall call it the second satellite; the last-discovered [ Titania] I 

shall call the first satellite. 
I made a sketch on paper to point out beforehand the situation of 

these satellites on Feb. 10, and [on that night] the heavens dis- 

played the original of my drawing by shewing, in the situation I 

had delineated them, the Georgian Planet attended by two satellites. 

I confess that this scene appeared to me with additional beauty as 

the little secondary planets seemed to give a dignity to the primary 

one which raises it into a more conspicuous situation among the 

great bodies of our solar system. 
I suppose the first performs a synodical revolution in about 8} days, 

the second in nearly 134 days. Their orbits make a considerable 

angle with the ecliptic. 
Attempts to measure them with my micrometers have so far failed. 

I have nevertheless several resources in view and do not despair of 

succeeding pretty well in the end. 
. W. HERSCHEL. 

[Dated] Slough, near Windsor, February 11, 1787. 

An account of Three Volcanoes in the Moon. By WILLIAM HERSCHEL, 

LL. D., F. R. S.; communicated by Sir Josep Banks, Bart., P. R. 

S. Read April 26, 1787. 

The phenomena of nature are to be viewed not only with the usual 

attention to facts as they occur, but with the eye of reason and ex- 

perience. In this we are not allowed to depart from plain appear- 

ances. Thus when we see on the surface of the moon a great num- 

ber of elevations from half a mile to a mile and a half in height we 

are strictly entitled to call them mountains; but when we attend 

to their particular shape, in which many of them resemble the 

craters of our volcanoes, and thence argue that they owe their 

origin to the same cause which has modeled many of these, we may 

be said to see by analogy, or with the eye of reason. 
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which can only be justified by reasoning upon the facts themselves, 

it will certainly be the safest way not to neglect a full description 

of them, that it may appear to others how far we have been author- 

ized to use the mental eye. 

April 19, 1787, 105 36™ sidereal time, three volcanoes seen; April 20, 
1787, 104 2™ sidereal time, one of the three burns with greater vio- 

lence than last night. The diameter of the volcano is twice that 
of Jupiter’s satellite III. 

The appearance of the actual fire exactly resembled a small piece of 

burning charcoal when it is covered with a very thin coat of white 

ashes. All the adjacent parts of the volcanic mountain seemed to 

be faintly illuminated by the eruption and were gradually more 

obscure as they lay at a greater distance from the crater. This 

eruption resembled much that which I saw on the 4th of May, 1783,* 

an account of which I shall shortly lay before the society. 

WILLIAM HERSCHEL. 

[Dated] Slough, near Windsor, April 21, 1787. 

Note on M. Mé&cHAIN’s comet. [1787, I.] 

On the Georgian Planet and its satellites. By WILLIAM HERSCHEL, LL. D. 

F. R. 8. Read May 22, 1788. 

In a former paper I gave the periodical times of two satellites revolv- 

ing round the Georgian Planet in a general way. While it requires 

a much longer series of observations than I have had an opportu- 

nity of making to settle their mean motions with accuracy, I shall 

communicate the result of my past observations, and believe that 

the elements here delivered will be found to be full as accurate as 
we can at this time expect. 

Methods of measuring angles of position which were employed. 

Synodical revolution of Satellite I = 84175 1™ 19.38, [ Titania. ] 

Synodical revolution of Satellite II = 13¢1155™ 1.58%. [ Oberon. ] 
Other elements. 

Mass of [ Uranus] is 17.740612 times the earth’s mass. 

Diameter of [ Uranus] is assumed 4’.04625. 

Difficulties in making the measures of satellites stated. 

Measures of Satellite I and discussion of these. 

The light of these satellites is uncommonly faint. The second [ Oberon] 

is the brighter of the two, but the difference is not considerable. 

Elements of the orbits. W. HERSCHEL. 

Plate V of diagrams. [Dated] Slough, March 1, 1788. 

Observations on a Comet. In a letter from WILLIAM HERSCHEL, LL. D., _ 

F. R. S., to Sir JoserpH BANKS, Bart., P. R.S.. Read April 2, 1789. 

Letter dated Slough, March 3, 1789. [This was comet 1788, II. ] 

The comet was discovered by CAROLINA HERSCHEL, December 21, 

1788, and positions of it on December 22, 1788, are given. 

No solid nucleus, even so small as 1’, could be seen, and the same fact 

has been observed by me in three other comets. 

Catalogue of a second thousand of New Nebule and Clusters of Stars; 

with a few introductory Remarks on the Construction of the Heavens. 

By WILLIAM HERSCHEL, LL. D., F. R. S. Read June 11, 1789. 

A telescope has power to penetrate into space. Proof that every star 

is a sun shining by its native brightness. 

* This observation is reported by Baron von TAcH in Bopt’s Jahrbuch, 1788, p. 144. 
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1789 79 214 Systems of stars—globular clusters and definition of a cluster. 

216 Admitting that a cluster is real, not apparent, the stars composing it 

are about of equal magnitude. 

217 At the same distance from the centre an equal scattering takes place. 
217 These clusters are of a globular form. 

218 They are more condensed at the centre than at the surface. 

219 Form I of nebule [ Phil. Trans., 1785, p. 214], is thus shown to exist 
in the heavens. 

219 Such clusters are subject to central powers. 

220 The idea of other central forces [than that of gravity] in the construc- 

tion of the sidereal heavens, was given in certain mathematical 

papers delivered to the Philosophical Society of Bath [and is yet 
entertained ]. 

221 Not only were round nebula and clusters formed by central powers, 

but likewise every cluster of stars or nebula that shows a gradual 

condensation, or increasing brightness towards a centre. 

222 This theory of central power is fully established on grounds [of 

observation] which cannot be overturned. 

223 Clusters can be found of 10’ diameter with a certain degree of com- 

pression and stars of a certain magnitude, and smaller clusters of 

4’ 3/ 2’ in diameter, with smaller stars and greater compression, and 

so on through resolvable nebulz by imperceptible steps, to the 

smallest and faintest [and most distant] nebulx. 

224 Other clusters there are, which lead to the belief that either they are 

more compressed or are composed of larger stars. Spherical clus- 

ters are probably not more different in size among themselves than 

different individuals of plants of the same species. As it has been 

shown that the spherical figure of a cluster of stars is owing to 

central powers, it follows that those clusters which, ceteris paribus, 

are the most complete in this figure, must have been the longest 

exposed to the action of these causes. 

225 The maturity of a sidereal system may thus be judged from the dis- 

position of the component parts. Planetary nebulw# may be looked 

on as very aged. 
226 This method of viewing the heavens seems to throw them into a new 

kind of light. They are now seen to resemble a luxuriant garden 

which contains the greatest variety of productions in different 

flourishing beds; and one advantage we may at least reap from it 

is that we can, as it were, extend the range of our experience to an 

immense duration. For, is it not almost the same thing whether 

we live successively to witness the germination, blooming, foliage, 

fecundity, fading, withering, and corruption of a plant, or whether 

a vast number of specimens, selected from every stage through 

which the plant passes in the course of its existence, be brought at 

once to our view? 
WILLIAM HERSCHEL. 

[Dated] Slough, near Windsor, May 1, 1789. 

226 Catalogue: 
226 ClassI No. 94 to No. 215 

229 II No. 403 to No. 768 

238 Itt No. 377 to No, 747 

246 IV No. 30 to No. 58 

248 V No. 25 to No. 44 

250 VI No. 20 to No. 35 
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1789 79 251 Class VII No. 18 to No. 55 
253 VIII No. 41 to No. 78 
255 Notes. 

255 P.8.—The planet Saturn has a sixth satellite revolving round it in 
about 32 hours 48 minutes. Its orbit lies exactly in the plane of 

the ring. An account of its discovery with the 40-foot reflector, 

etc., will be presented to the Royal Society at their next meeting. 
WILLIAM HERSCHEL. 

1790 80 1 Account of the discovery of a sixth and seventh satellite of the planet 

Saturn; with remarks on the construction of its ring, its atmosphere, its 
rotation on an axis, and its spheroidical figure. By WILLIAM HER- 

SCHEL, LL. D., F. R.S. Read November 12, 1789. 

1 Ina postscript to my last paper I announced to the Royal Society the 

discovery of a satellite of Saturn. I have now the honor to present 

them, with an account of two satellites instead of one, and I have 

called them the sixth and seventh, although their situation very 

probably entitles them to be called the first and second. 

2 These have not been before discovered on account of the difficulty of 

seeing them with a less telescope than the 40-foot. 

2 I began to observe Saturn in 1774, and on March 17 I saw it with a 
54-foot reflector, as in Plate I, fig. 1. Fig. 2 shows it on April 3, 

1774, without its ring. In 1775 I saw the ring gradually open 

(using a 7-foot reflector). Fig. 3, Plate II, shows the appearance 

1783 [should be 1778], June 20 (with a very good 10-foot reflector). 

3 The black belt on the ring of Saturn is not in the middle of its 

breadth, nor is the ring subdivided by many such lines, but there 

is one single, considerably broad belt upon the ring which is per- 

manently in its place. 

3 My observations show that this belt (at least on the north half of the 

ring, where I have alone observed it) is not like the belts of Jupiter 

or those of Saturn, subject to variations of color or figure, but is 

most probably owing to some permanent construction of the surface 

of the ring itself. , 

3 Ht is not the shadow of a chain of mountains, since it is visible all 

round the ring. The same argument will hold good against sup- 

posed caverns or concavities. It is pretty evident that it is con- 

tained between two concentric circles. See fig. 4, Plate II, drawing 
of 1780, May 11. 

4 As to the surmise of two rings, it does not appear eligible to venture 

on so artificial a construction, by way of explaining a phenomenon, 

which does not absolutely demand it. 

4 As yet we do not know of any rotation of the ring which may be of 
such a proper velocity as [might lend some support to the idea of 

two detached rings]. 

5 If the southern side of the ring should be differently marked, it would 
negative the idea of two rings. Even if it should be marked the 

same in every respect, it would be best to wait for the occultation 

of some considerable star by Saturn, when, if the ring be divided, 

it will be seen between the openings of the ring, as well as between 

the ring and Saturn. 

5 We may certainly affirm that the ring is no less solid than the planet 

itself. The reasons which prove the solidity of one serve to prove 

that of the other. 
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1790 =680 5 The mass of the planet, as determined from the satellites, includes 

that of the ring; and the ring produces irregularities in the mo- 

tions of the satellites, as does also the oblateness of the ball of the 
planet. 

5 The light of the ring is brighter than that of the planet. [Proof 
given. | 

6 The ring is extremely thin for— 

1789, July 18, [ Tethys] was thicker than the ring; 

—, July 23, [ Dione] was twice as thick as the ring; 

—, July 27, [ Enceladus] was thicker than the ring; 

—,, August 29, [Mimas] was thicker than the ring; 

1789, Oct. 15: the ring was barely visible in the 40-foot reflector, 

but [£nceladus] was visible about the middle of the preceding 
arm. ? 

1789, Oct. 16: I followed [Mimas and Enceladus] up to the very 
dise of the planet. 

7 Asuspicion arises that by a refraction through some very rare atmos- 

phere on the ring the satellites might be lifted up and depressed so 

as to be visible on both sides of the ring. 

8 The edge of the ring is very probably not square, but spherical or 
spheroidical. 

8 The ring cannot possibly disappear on account of its thinness. 

I formerly supposed the surface of the ring to be rough, owing to 

9 Juminous points like mountains seen on the ring, till one of these 

supposed luminous points was kind enough to venture off the edge 

of the ring and appear as a satellite. As I had noted all such in- 

equalities I could calculate all such surmises, and I have always 

found these appearances to be due to satellites. 

9 Upon the whole, I cannot say that [had any one instance that could 

induce me to believe the ring was not of a uniform thickness; that 

is, equally thick at equal distances from the centre and of an equal 

diameter throughout. 

10 Strong suspicions of the existence of a sixth satellite I have long en- 

tertained. I saw it 1787, August 19. I was then busy with the 

Georgian satellites. 

10 In 1788 my 20-foot speculum was much tarnished. 

10 The very first moment I turned my 40-foot telescope on Saturn, 1789, 

August 28, I saw six satellites, and on September 17 I detected the 

seventh satellite. 

11 From many observations of the sixth satellite [Hnceladus] I find its 

sidereal revolution 148 53™ 98, and by computation its distance 

35.058. Its light is considerably strong, but not equal to that of 

[ Tethys]. 

12 The seventh satellite [ Mimas] makes one sidereal revolution in 22 

40™ 468; its distance (computed) is 27.366. 

. 12 It is incomparably smaller than [ Enceladus], and even in the 40-foot 

reflector appears no bigger than a very small lucid point; to which 

the exquisite figure of the speculum not a little contributes. 

13 The orbits of these two satellites are exactly in the plane of the ring. 

13 Observations of the belts and figure of Saturn from April 9, 1775, to 

Sept. 8, 1780, and reference to [rough] figures are here given. 

15 We may draw two conclusions from these: First, Saturn has probably 

a very considerable atmosphere. The changes in the belts show 

Se Mismol 35 

@ 
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this, and also the hanging of the satellites on the limb; the time 

of hanging on the limb for Mimas has actually amounted to 20 

minutes. This would denote a refraction of about 2’ [provided, 
ete. ]. 

The second conclusion is that Saturn turns on an axis perpendicular 

to the ring. The proof depends on the position of the belts which 

for 14 years have been [nearly] always equatorial. 

Another reason is that Saturn, like Jupiter, Mars, and the earth, is 

flattened at the poles, and therefore ought to be supposed to turn 

on its axis. [Observations 1776, July 22, to 1789, Sept. 14, given. ] 

On the last date equatorial diameter 22/’.81 (4). 

polar diameter 20.61 (4). 

The equatorial is to the polar diameter nearly as 11 to 10. 

One beautiful observation of the transit of [ Titan] over the dise I 

must add, of 1789, November 2. 

WILLIAM HERSCHEL. 
[Dated] Slough, near Windsor, November 3, 1739. 

On the Satellites of the planet Saturn and the rotation of its Ring on an 

Axis. By WILLIAM HERSCHEL, LL. D., F.R.S. Read June7, 1790. 

The observations to be given extend from July 18 to Dee. 25, 1789. 

On calculating the appearances of bright luminous points on the 

ring, I found that all of them could not be accounted for by satel- 

lites. 

The question, then, is, what to make of these protuberant points? 

To admit two or three more satellites appears too hazardous. And 

yet a suspicion of at least one more satellite would often return. 

The observations of each satellite have been separated, and at least 

one observation of each has been calculated for each night. 

Fig. 1, Plate XIX, p. 494, gives a scheme of the orbits. Explanation 

of this figure and of the tables, 

Observations on the fifth satellite of Saturn [ Japetus}. 

Observations on the fourth satellite of Saturn [ Titan]. 

1789, Nov. 2. Transit of Titan’s shadow. 

Observations on the third satellite of Saturn [ Rhea]. 

1789, Oct. 16. The color of Rhea is inclining to blue. 
Observations on the second satellite of Saturn [ Dione]. 

1789, Sept. 25. Probable occultation of Dione by Tethys. 

Observations on the first satellite of Saturn [| Tethys]. 

Observations on the sixth satellite of Saturn [ Enceladus]. 

1789, Oct. 16. Occultation by Saturn. 

Observations on the seventh satellite of Saturn [ Mimas]. 

1789, Oct. 16. Occultation by Saturn. 

The motions of these 7 satellites are so well known that no shape of 

lucid spot, protuberant point, or latent satellite can be occasioned 

by any one of them without our knowing it. I found that the ob- 

servations to be given presently could not be explained by any of 

the known satellites. 

The first idea was of another satellite interior to the 7th; and if a 

revolution slower than about 15} hours could have been found to 

account for most of the places where the bright spots were seen, 

I should have believed these to be caused by an 8th satellite. This 

being impracticable, I examined what would be the result if these 

bright points were attached to the plane of the ring. 
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1790 +80 479 As observations, carefully made, should always take the lead of theo- 

ries, I shall not be concerned if what I have to say contradicts what 

has been said in my last paper. 

479 A lucid and apparently protuberant point may exist without any 

great inequality in the ring. A vivid light, for instance, will seem 

to project greatly beyond the limits of the body upon which it is 
placed. 

479 The brightest and best-observed spot agrees to a revolution of 10 32™ 

158.4 at a distance of 17/’.227, i. e., on the ring. Therefore, unless 

the ring is fluid, or has a groove in it, so as to let the satellite re- 

volve in it, we ought to admit a revolution of the ring itself. 

480 It seems almost proved that the consistence of the ring is not less than 
the body of Saturn; consequently no sufficient degree of fluidity 

can be admitted. 

431 Observations not accounted for by satellites [are given]. 

487 Epochs of six of the satellites given, 
487 Period of Enceladus 19 8553™ 8.9; distance 36/’.7889. 

CSE Mamas 08 22h) 37m 228/90) us 28’.6689. 

488 Tables for the seven satellites of Saturn. 

495 Example of the use of the tables. 

1791 «681 06071) On Nebulous Stars, properly so called. By WILLIAM HERSCHEL, LL. D., 
F. R. 8. Read February 10, 1791. 

71 In one of my late examinations of the heavens I discovered a star of 

about the 8th magnitude, surrounded with a faintly luminous atmosphere 

of a considerable extent. 

71 The name nebulous stars was incorrectly used in former timés. 

71 The milky way itself consists entirely of stars. 

72 Nebul can be selected so that an insensible gradation shall take place 

from a coarse cluster like the Pleiades down to a milky nebulosity 

like that in Orion, every intermediate step being represented. This 

tends to confirm the hypothesis that all are composed of stars more 

or less remote. 
73 A comparison of the two extremes of the series, as a coarse cluster and 

a nebulous star, indicates, however, that the nebulosity about the star 

is not of a starry nature. 

74 Summary of the reason which formerly led to the belief that all 

nebule were clusters more or less remote. 
Basis for the ideas of connection and disjunction of stars and nebulz. 

75-77 Particular examples of such supposed conjunctions and disassocia- 

tions. Telescopic milky way of over 60 square degrees. 

The trapezium of Orion is unconnected with the nebula. 

78-82 Notes of observations on nebulous stars and consideration of the re- 

lation of the nucleus to the envelope in each case. 

&3 Considering H, iv 69, [= G. C. 810,] as a typical nebulous star, and 

supposing the nucleus and chevelure to be connected, we may, Ist, 

suppose the whole to be of stars, in which case either the nucleus is 

enormously larger than other stars of its stellar magnitude or the 

envelope is composed of stars indefinitely small; or, 2d, we must ad- 

mit that the star is involved in a shining fluid of a nature totally 

unknown to us. 

84 Perhaps it has been too hastily surmised that all milky nebulosity is 

owing to starlight only. 
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The telescopic milky way is probably composed of this shining fluid, 

which must commence somewhere about the range of the stars of 

the 7th magnitude, and extend to the regions of the 9th, 10th, 11th, 

and 12th. 

The shining fluid might exist independently of stars. The light of 
this fluid is no kind of reflection from the star in the center. If this 

matter is self-luminous, it seems more fit to produce a star by its 

condensation than to depend on the star for its existence. 

List of diffused nebulosities and planetary nebule; both better ac- 

counted for by the hypothesis of a shining fluid than by supposing 

them to be distant stars. 

Regeneration of stars from planetary nebule. 

How far the light-corpuscles emitted from millions of suns may be 

concerned in this shining fluid it is not necessary to inquire. We 

need not know the origin of the luminous matter whose existence 

is rendered evident by means of nebulous stars. 

W. HERSCHEL. 

[Dated] Slough, January 1, 1791. 

On the Ring of Saturn and the rotation of the fifth satellite upon its axis. 

By WILiIAM HERSCHEL, LL. D., F. R.S. Read December 15, 1791. 

In a former paper (Phil. Trans., vol. xxx, p. 4) I spoke of the sur- 

mise of a division in Saturn’s ring with proper doubts. My late 

views of the southern side of the ring and the discovery of its quick 

rotation enable me to speak decisively. 

The black division is always of the same breadth if we leave out of 

account certain very small variations which I have occasionally 

observed. 

Observations on the Ring of Saturn (from 1790, Sept. 7, to Oct. 24). 

From these and former observations I think myself authorized now 

to say that the planet Saturn has two concentric rings. * * * 

The relative dimensions of the rings and spaces are given in a table. 

This opening in the ring (which is some 2,513 miles in width) must 

be of considerable service to the planet, in reducing the space that 

is eclipsed by the shadow of the ring. 

It becomes a question if both rings revolve in the same time. The 
period formerly given (Phil. Trans., xxx, p. 481), belongs to the 

outer ring. The former observations indicate that the inner ring 
revolves with great velocity on its axis, but are not sufficient to 
determine the period. 

It is quite probable that there should be a small difference in the 

periods of the two rings. 

A memoir (in Histoire de ? Académie Royale des Sciences de Paris, 1787, 

p. 249—) refers to observations of many divisions of the ring of 

Saturn. 

My own observations of Saturn since 1774 contain only four where 

any other black. division upon the ring is mentioned than the one 

I have constantly observed. These 4 observations were in 1780— 

(see Plate I, figs 1, 2, 3.) 

Saturn was then in the very best situation for viewing the plane of 

the ring, but I have hitherto set these observations aside as 
wanting more confirmation. 

Observations have been made by M. Cassini, Mr. SHORT, and Mr. 
HADLEY [and are referred to]. 



BIBLIOGRAPHY OF HERSCHEL’S WRITINGS. 549 

Herschel, W.: SyNopsis oF THE WRITINGS OF—Continued. 
PAD Vi0l. BR: 

175282 == 11: It does not appear to me that there is a sufficient ground for admit- 

ting the ring of Saturn to be of a very changeable nature. 

11 Measures of the diameter of the outer ring, reduced to the mean dis- 

tance of Saturn from the earth; 46/’.832; 47/.241; 45/’.803; 

13 On the rotation of the fifth satellite of Saturn, on its axis. 

The fifth satellite [Japetus] is subject to a change of brightness ; this 

having been noticed by other observers I did not at first pay so 

much attention to it as it deserved. I afterwards followed this satel- 

lite with great attention and marked all its changes of apparent 

brightness. 

13 The result of many observations is as follows: The light of the satel- 

lite is in full splendor during the time it runs through that part of 

its orbit, which is between 68 and 129 degrees past the inferior con- 

junction. In this are it does not fall above one magnitude short of 

the brightness of [ Titan]. 

14 From about 7° past the opposition till towards the inferior conjunc- 

tion it is not only less bright than [Rhea] but hardly, if at all, ex- 

ceeds [Dione]; or even [Tethys] at elongation. Such a change 

among the fixed stars and to the naked eye would be from the 2d 

to the 5th magnitude. 
14 It is now evident that the time of its rotation on its axis cannot differ 

much from the time of its revolution about Saturn ; notwithstand- 

ing that the light of the satellite has suffered an occasional change 

of short duration from other causes. 

14 But I may go further and ascertain upon sufficient grounds, that this 

satellite turns once upon its axis exactly in the time it performs 

one revolution. This degree of accuracy is obtained by taking in 

the observations of M. CassIni in Mémoires de V Acad. Roy. des Sci- 

ences, 1705, p. 121; (see, also, 1707, p. 96), and those of M. BERNARD, 

op. cit., 1786, p. 378. 
16 Joining all these I conclude that the 5th satellite of Saturn turns upon 

its axis once in79 days 7 hours and 47 minutes. 

16 I cannot help reflecting with some pleasure on the discovery of an 

analogy which shows that a certain uniform plan is carried on 

among the secondaries of our solar system; and we may conjecture 

that probably most of the satellites are governed by the same law, 

especially if it be founded on such a construction of their figure as 

makes them more ponderous toward their primary planets. 

17 From the changes in [Japetus] we may conclude that some part of its 

surface, and this by far the largest, reflects much less light than 

the rest; and that neither the darkest nor the brightest side of the 

satellite is turned toward the planet, but partly one and partly the 

other, though probably less of the bright side. 

17 The great regularity of this change of brightness seems to point out 
another resemblance of this satellite with our moon. We see the 

spots on the moon of pretty nearly the same brightness, so as not 

to be overcast in a very strong degree by dense clouds to disfigure 

them, and therefore have great reason to surmise that her atmos- 

phere is extremely rare; in like manner we may suppose the atmos- 

phere of Japetus as rare as that of our moon. 

17 On the distance of the fifth satellite. 

Many measures have been made for the purpose of getting the mass. 

They begin 1791, Sept. 25, and end Oct. 1. 
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Miscellaneous observations. By WILLIAM HERSCHEL, LL. D., F. R. S. 

Read December 22, 1791. 

Account of a Comet. [1792, I.] This was discovered by CAROLINA 

HERSCHEL, 1791, Dec. 15. Examined Dee. 16 with a 20-foot re- 

flector; brief description and position for Dee. 16. 

On the periodical appearance of o Ceti. 

331 days 104 19™ is its period. 

On the disappearance of the 55th Herculis. 

1781, Oct. 10, I examined both 54 and 55 Herculis; again 1782, April 

11; 1790, May 24, 55 Herculis was missing, and although looked for 

has not again been seen. 

Remarkable Phenomena in an eclipse of the Moon. 

1790, Oct. 22, when the moon was totally eclipsed I viewed the disc 

withia 20-feet reflector with power 360. In several parts of it I 

perceived many bright, red, luminous points. Most of them wre 

small and round, at least 150 of them. Their light did not much 

exceed that of Mons Porphyrites Hevelii. 

We know too little of the surface of the moon to venture at a surmise 

of the cause from whence the great brightness, similarity, and re- 

markable color of these points could arise. (Dated) Slough, De- 

cember 17, 1791. 

Observations on the Planet Venus. By W1LLiaAM HERSCHEL, LL. D., 

F.R.S. Read June 13, 1793. 

A series of observations on Venus begun in April, 1777, has been con- 

tinued down to the present time. The first object of the research 

was to determine the diurnal rotation, for the observations of Cas- 

SINI and BIANCHINI can leave no doubt but that it has a rotation 

on its axis; the second was the atmosphere of Venus, of the exist- 
ence of which, after a few months’ observations, I could not enter- 

tain the least doubt; and third, the investigation of the real diam- 

eter. To which may be added an attention to the construction of 

the planet with regard to permanent appearances, such as might be 

ascribed to seas, continents, or mountains. 

The result of my observations would have been communicated long 

ago if I had not flattered myself with the hope of some better suc- 

cess concerning the diurnal motion of Venus, which has still eluded 

my constant attention as far as concerns its period and direction. 

Even at this present time I should hesitate to give the following ex- 

tracts if it did not seem incumbent upon me to examine by what 

accident I came to overlook mountains in this planet ‘‘of such enor- 

mous height as to exceed four, five, or even six times the perpendicular 

elevation of Chimboraco, the highest of our mountains.” [Quoted from 

SCHROETER, Phil. Trans. 1792, p. 337. ] 
The same paper contains other particulars concerning Venus and 

Saturn. All of which being things of which I have never taken 

any notice, it will not be amiss to show by what follows that neither 

want of attention nor a deficiency of instruments could occasion my 

not perceiving these mountains of more than 23 miles in height; this 

jagged border of Venus; and these flat spherical forms on Saturn. 

Before I remark on the rest of the extraordinary relations above men- 

tioned I will give a short extract of my observations of Venus. 

Observations from 1777, April 17, to 1793, May 20. 
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1793 83 204 The observations and drawings (one given in Plate XXII, fig 1), 1780, 

June 19, 21, 23, 24, 25, 26, 28, 29, 30, and July 3, showed that Venus 

hasa motion on her axis, and as evidently that she has an atmosphere. 

206 1739, Nov. 30: no satellite visible; if she has one it must be below 8 

or 9 magnitude. 

206 Two measures of the diameter, 1791, Nov. 24. 

215 My observations show that the atmosphere of Venus is of much greater 

extent orrefractive power than as given in the paper [of SCHROETER. | 

216 As to the mountains in Venus, I may venture to say that no eye which 

is not considerably better than mine, or assisted by much better in- 

struments, will ever get a sight of them. 

217 The diameter of Venus at the mean distance of the earth is 18/’.79. 

218 The appearance of the luminous border of Venus as I have described 

it, 2. e., suddenly much brighter all around the limb, has not been noticed 

by the author we have referred to. 

218 The cause of this appearance may probably be ascribed to the atmos- 

phere of Venus, which is probably replete with matter that reflects 

and refracts light copiously. Therefore on the border, where we 

have an oblique view, there will be an incréase of this appearance. 

1794 84 28 Observations of a quintuple belt on the Planet Saturn. By WILLIAM 

HERSCHEL, LL. D., F. R. S. Read December 19, 1793. 

28 In some of my former papers I have established the spheroidical form 

of Saturn and pointed out the motion of a spot on its dise. From 

the first we infer a rotation on its axis; the second shows that it 

has such a motion. 
My late observations seem to hint to us that the period of rotation is 

not of long duration. 

28 Observations of the quintuple belt; see Plate VI, fig. 1. 

30 Observations of belts on Jupiter; see Plate VI, fig. 2, fig. 3. 

31 Belts are connected with the rotation of the planets. Since then it 

appears that the belts of Saturn are very numerous, like those of 

Jupiter, and are also placed in the direction of the longest diameter 

of the planet, it may not be without some reason that we infer the 

period of the rotation of the former to be short like that of the 

latter. 
31 I have never seen parallel belts on Mars nor on Venus. 

1794 84 39 Account of some particulars observed during the late eclipse of the sun. 

[1793, September 5.] By Wiz11am Herscuet, LL. D., F. RS. 

Read January 9, 1794. 

39 Observations. See Plate VII, figs. 1, 2, 3. 

39 At first contact two mountains of the moon were seen on the sun; 

see fig. 1. 

41 The cusps of the sun attentively inspected, and I suspected a little 

bending of the cusps outward as in fig. 4; but I could not satisfy 

myself of its reality. If there was a bending, it did probably not 

amount to 1”. 

41 [Foot-note.] In 1779, 1780, 1781, I measured the heights of about 100 

mountains of the moon by three different methods. Some of these 

observations are given in Phil. Trans., Vol. xx, p. 507, but most 

remain uncalculated in my journal till some proper opportunity. 

Wo. HERSCHEL. 

[Dated] Slough, near Windsor, Dec. 30, 1793. 



552 BIBLIOGRAPHY OF HERSCHEL’S WRITINGS. 

Herschel, W.: SYNOPSIS OF THE WRITINGS OF—Continued. 

ANGI OR Vil lee 

i794. 84 48 On the rotation of the planet Saturn upon its axis. By WILLIAM HER- 

SCHEL, LL. D., F. R. 8. Read January 23, 1794. 

48 Ina late paper I pointed out an analogy which might lead us to sur- 

mise that Saturn had a quick rotation on its axis. I can at present 

announce the reality of that rotation by means of observations of 

154 revolutions of the planet. 
48 The belts of Saturn that I have been observing seem to have under- 

gone no material change for the last two months. 

48 I give the observations upon which my computations have been 

founded, entire. 

49-59 Observations on the belts of Saturn. 

50 [Foot-note.] In the course of these observations I made 10 new ob- 

ject specula and 14 small plain ones for my 7-foot reflector, having 

found that a 7-foot reflector was adequate to my purpose. 

51 [Foot-note.] These objectives were from 84 to 88 inches focus, and 

were used with an eye-glass of 33; of an inch focus, the power thus 

being from 280 to 293. 

52 I took care to bend my head so as to receive the picture of the belt 

in the same direction upon the retina as I did [formerly ]. 

52 [Foot-note.] This was a precaution that occurred to me, as there 

was a possibility thatthe vertical diameter of the retina might be 

more or less sensible than the horizontal one; but I had no reason 

afterward to suppose that any such difference really exists. 

53 Observation upon the double ring of Saturn. 

The outer ring is less bright than the inner ring. The inner ring is 
very bright close to the dividing space; and at about half its breadth 

it begins to change color, gradually growing fainter. 

54 There isa dry wind and the telescope will not show objects as dis- 

tinct as when moisture is discharged from the air by the precipita- 

tion of dew. ; 

55 Ltemark on the shadow of Saturn and its rings. 

On the ring isthe shadow of the body. The shadow of the ring upon 

the body of the planet close to the ring is not parallel to the ring 

at the two extremes, but a little broader there than in the middle, 

the ends turning toward the south. 

56 The five old satellites are all seen with a power of 60 on a 10-foot re- 

flector. 

57 Observations of the south pole of Saturn and the shadow of the ring. 

The south polar regions of Satwrn are alittle brighter than they used 

to be; they are almost as bright as that belt. The shadow of the 

ring upon Saturn is perfectly black, like the shadow of Saturn upon 

the ring. The shadow of the ring upon Saturn on each side is bent 

a little southward. 

58 Trial of concave eye-glasses. 

With regard to the field of view, they are full as convenient as con- 

vex glasses. 

59 Determination of the period of the rotation of Saturn. Explanation of 

Plate 1X and the method of obtaining the period from the observa- 

tions. 

60 The first trial gives 10" 15™ 40s for the time of 1 revolution. 

The second trial gives 105 16™ 51s for the time of 1 revolution. 

61 The third trial gives LO" 17™ 54s for the time of 1 revolution. 

The fourth trial gives 105 17™ 68 for the time of 1 revointion. 
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Itake the mean of the first two, 102 16™ 15s.5, for the approximate 

rotation period. 

Tables for the motion of the equator of Saturn. 

Comparison of observation with the tables. 

We may conclude that the period is exact to --2™, and we need not 

hesitate to fix the rotation of Saturn upon its axis as 102 16™ 0s,4, 

Wma. HrRscuEL. 
[Dated] Slough, near Windsor, Jan. 22, 1872. 

On the Nature and Construction of the Sun and Fixed Stars. By WILLIAM 

Herscne., LL. D., F. R. 8. Read December 18, 1794. 

The sun is the celestial body which should first attract our notice, 

not only on its own account but since the fixed stars are, by the 

strictest analogy, similar bodies. 

NEWTON has shown that the sun retains the planets of our system in 

their orbits ; 

BRADLEY has assigned the velocity of the solar light; GALILEO, 

SCHEINER, HEVELIUS, CASSINI and others have ascertained its rota- 

tion and the place of its equator. The Transit of Venus has given 

means to calculate its distance, its real diameter, magnitude, density, 

and the fall of heavy bodies on its surface. Thus we have already 

a clear idea of the powerful influence of the sun. 

I should not wonder if [considering what we know] we were induced 

to think that nothing remained to be added; and yet we are still 

very ignorant in regard to the internal construction of the sun. 

The spots have been supposed to be solid bodies, the smoke of vol- 

canoes, the scum floating on an ocean of fluid matter, clouds, opaque 

masses, and to be many other things. 

The sun itself has been called a globe of fire, though perhaps meta- 

phorically. 
The faculx have been called luminous vapors, ete. 

The light of the sun itself has been supposed invisible and not to be 

perceived except by reflection, though the proofs seem to me to 

amount to no more than saying that we cannot see when rays of 

light do no‘ enter the eye. But it is time now to profit by the obser- 

vations we are in possession of. 

I have availed myself of the labors of preceding astronomers, but have 

been induced thereto by my own actual observation of the solar 

phenomena. 

Following is a short extract of my observations. In 1779 there was 

a spot on the sun, divided into two parts, the largest above 31,000 

miles in diameter. Both together must have extended above 

50,000. The idea of its being occasioned by a volcanic explosion 

ought to be rejected. 

We have pretty good reason to believe that all the planets emit light 

in some degree. 

Example of the illumination of the moon during an eclipse, which 

could not have been due to the light from the earth. 

The dark half of Venus has been seen by different persons, 

In regard to the large spot on the sun, I concluded that I viewed the 

real solid body of the sun itself, of which we rarely see more than 

its shining atmosphere. 

Description of a large spot seen in 1783: the spot was plainly depressed 

below the surface of the sun. 
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Explanation of the luminous shelving sides of a sun-spot. The sun 

may have inequalities [like mountains] on its surface perhaps 50 

or 600 miles high. 

In 1791 I observed a large spot on the sun, depressed below the level 
of its surface. . 

An optical deception takes place now and then when we view the 

moon, which is that all the elevated spots on its surface will seem 
to be cavities, and vice versa. 

How very ill would these observations agree with the ideas of solid 

bodies bobbing up and down in a fiery liquid? with the smoke of 

volcanoes or the scum upon an ocean ? 
58 Observations in detail from 1792, Aug. 26, to 1794, Oct. 13. 

1792, Sept. 2. Twospots on the sun were seen with the naked eye. 

It may not be impossible, as light is a transparent fluid, that the sun’s 

real surface may also now and then be perceived, as we see the 

shape of the wick of a candle through its flame. 

Facule seem generally to accompany the spots, and they are certainly 

elevations on the surface. 

The sun cannot be so distinctly viewed with a small aperture and 

faint darkening glasses as with a large aperture and stronger ones. 

About all the spots the shining matter seems to have been disturbed, 

and is uneven, lumpy, and zig-zagged in an irregular manner. 

I call the spots black, not that they are entirely so, but to distinguish 

them. There is not one of them to-day which is not at least partly 

covered over with whitish and unequally bright nebulosity. 

If the brightness of the sun is occasioned by the lucid atmosphere the 

intensity of the brightness must be less where it is depressed. 

The results of these observations are: The sun has a very extensive 

atmosphere, which consists of various elastic fluids more or less 

lucid and transparent, and of which the lucid one is that which fur- 

nishes us with light. 

The manner in which I suppose the lucid fluid of the sun to be gen- 

erated in its atmosphere may be better understood from an anal- 

ogy drawn from the generation of clouds in our own atmosphere. 

[This analogy is stated. ] 

That the emission of light must waste the sun is not a difficulty that 

can be opposed to our hypothesis. : 

Many of the operations of nature are carried on in her great labora- 

tory which we cannot comprehend, but now and then we see some 

of the tools with which she isat work. [The many telescopic com- 

ets may restore to the sun what is lost by the emission of light. ] 

According to my theory a dark spot in the sun is a place in its atmos- 

phere which happens to be free from luminous decompositions, and 

facule are more copious mixtures of such fluids as decompose each 

other. 

The penumbra which attends the spots being depressed more or less 

to about half way between the solid body of the sun and the upper 

part of the regions where luminous decompositions take place, must 

of course be fainter than other parts. 

The regions where the luminous solar clouds are formed, adding thereto 

the elevation of the facule, cannot be less than 1,843 miles nor much 
more than 2,765 miles. 
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We ought to compare these elevations, not to the clouds of our at- 

mosphere, but to the elevation of the aurora borealis. 
The density of the solar clouds though very great may not be exceed- 

ingly more so than that of the aurora. 

The opaque body of the sun we know to be of great solidity, and we 
surmise it to be diversified with mountains and valleys. 

This way of considering the sun removes the great dissimilarity be- 

tween its condition and that of the other great bodies of the sys- 

tem. The sun then appears to be nothing else than a very eminent, 

large, and lucid planet * * * most probably also inhabited by 

beings whose organs are adapted to the peculiar circumstances of 

that vast globe. 

The heat produced by the sun’s rays on the earth is so considerable 

that it may be objected that the surface of the sun must be scorched 

up beyond all conception. 

This objection answered by analogies with terrestrial circumstances. 

I will now show that our moon is probably inhabited. 

The moon is in many ways analogous to the earth, and to complete 

the analogy it is only needed that it should be inhabited. To this 

may be objected that we perceive no large seas there, that its 

atmosphere is extremely rare, that there is no rain, ete. 

These objecticns considered. 

Suppose an inhabitant of the moon who has not properly considered 

such analogical reasonings as might induce him to surmise that our 

earth is inhabited, to give it as his opinion that the use of the earth 

is to illuminate the moon, when direct daylight cannot be had, ete. 

Suppose the inhabitants of the moons of Jupiter, Saturn, and [ Uranus] 

to look upon their primary planets merely as so many attractive 

centers to keep together their orbits, etc., ete. 

These considerations ought to make the inhabitants of the planets 

wiser than we have supposed those of their satellites to be. We 

surely ought not to say ‘‘the sun is merely an attractive center 

to us.” 
That stars are suns can hardly admit of a doubt. The sun turns on 

its axis; so do variable stars; most probably all stars. Stars have 

spots like the sun; in some stars we know these spots to be change- 

able. 
Analogy may induce us to conclude that each of these stars is accom- 

panied by a group of planets. If these suns themselves are primary 

planets we may see some thousands of them with our own eyes, 

and millions by the telescope, while the same analogy remains in 

regard to the planets which these suns may support. 

The idea of suns or stars being mercly the supporters of systems of 

planets is not to be admitted as a general one. 

The stars in very compressed clusters are so close that even at a great 

distance of the cluster there will not be room for the crowding in of 

those planets for whose support these stars may be supposed to 

exist. 

As an instance, I take clusters Nos. 26, 28, and 35 of the VI class, and 

also very close double stars. 

Also, in some parts of the milky way the stars are so crowded that in 

41 minutes of times no less than 258,000 stars passed through the 

field of my telescope [in R. A. 19® 35™—204 12™; N. P. D., 73° 54°]. 
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It seems, therefore, upon the whole not improbable that in many cases 

stars are united in such close systems as not to leave much room for 

the orbits of planets or comets; and that consequently many stars, 

unless we would make them mere useless brilliant points, may them- 

selves be lucid planets, perhaps unattended by satellites. 

Postscript. The following observations of the sun are added. They 

are decisive in regard to one of the conditions of the lucid matter 

of the sun. 1794, Nov. 26. The sun is mottled everywhere, equally 

at poles and equator. This is owing to inequalities in its surface. 

The lucid substance of the sun is neither a liquid nor an elastic fluid, 

as is evident from its not instantly filling up the cavities of the 

spots, etc. It exists, therefore, in the manner of lucid clouds swim- 

ming in the transparent atmosphere of the sun; or, rather, of lu- 

minous decompositions taking place within that atmosphere. 

Description of a forty-foot reflecting telescope. By WILLIAM HERSCHEL, 

LL. D., E.R. S: Read June 11, 1795.. 

When I resided at Bath I had long been acquainted with the theory 

of optics and mechanics and wanted only that experience so neces- 

sary in the practical part of these sciences. This I acquired by 

degrees at that place, where in my leisure hours by way of amuse- 

ment I made several 2-foot, 5-foot, 7-foot, 10-foot and 20-foot New- 

tonian telescopes, besides others of the Gregorian form of 8, 12, 18 

inches and 2, 3, 5 and 10 feet focal length. 

In this way I made not less than 200 7-foot, 150 more 10-foot, and 

about 80 20-foot mirrors, not to mention the Gregorian telescopes. 

The number of stands I invented for these telescopes it would not be 

easy to assign. My Newtonian stand was contrived about 1778. 

In 1781 I began to construct a 30-foot aérial reflector, and having made 

a stand for it I cast the mirror 36 inches in diameter, which was 

cracked in cooling. I cast it a second time, and the furnace which 

I had built in my house broke. Soon after, the Georgian Planet 

was discovered [and observations on this interrupted the making 

of new telescopes. ] 

In 1783 I finished a very good 20-foot reflector, and in 1785 I began to 

construct the 40-foot. 

In the whole of the apparatus none but common workmen were em- 

ployed, for I made drawings of every part of it and directed every 

person’s labor, though sometimes there were not less than 40 em- 

ployed at the same time. There was no interruption except my re- 

moval from Clay Hall to Slough. 

The 40-foot speculum was put into the tube and first used 1787, Feb. 

19. The first mirror being too thin, etc., could not receive a good 

figure, and a second was cast 1788, Jan. 26, whieh cracked in cool- 

ing. It was recast Feb. 16, andon Oct. 24 it had a good figure and 

I observed Saturn with it; but not being satisfied I worked upon it 

till Aug. 27, 1789. Aug. 28, 1789, I discovered a sixth satellite of 

Saturn. I date the finishing of the telescope from that time. 

Description of the telescope. See Plates XXIV to XLII. 

350-365 The foundation and stand. 

365 

377 

The tube: it is 39 feet 4 inches long, 4 feet 10 inches diameter, made 

of iron. | 
Motions of the telescope. 
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403 

404 
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86 133 
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166 

166 

166 

167 
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Finder and setting quadrant. 

I have in 1789 many times taken up Saturn two or three hours before 

its meridian passage and kept it in view with the greatest facility 

till two or three hours after the passage, with a single assistant. 

The method of observing is by what I have called the front view. 

The observing chair is fastened to the instrument. 

The aperture of the telescope is 4 feet. 

In making sweeps several conveniences are required [as given ]. 

A speaking pipe was led from the observer to the recorder, ete. 

Right ascension apparatus. 

Polar distance machine: the sidereal clock by SHELTON. 

Polar distance piece [described]. 

In 1783, when I began my sweeps, no catalogue of stars in zones ex- 

isted. I therefore gave a pattern to my indefatigable assistant, 

CAROLINA HERSCHEL, who brought all the British catalogue into 

zones of 1° each from 45 N. P. D. to the horizon, and put the right 

ascensions in time. This catalogue was afterwards completed to 

the pole in zones of 5°. 

A zone clock described. 

The construction of the great mirror is as in fig. 46. The metalis 49} 

inches in diameter; 48 inches are polished. Its thickness, which is 

equal throughout, is 34 inches; its weight when cast was 2,118 lbs. 

It is swung in a ring. 

The surface is protected from damp by a tin cover. 

Method of mounting the eye-pieces. 
WM. HERSCHEL. 

[Dated] Slough, near Windsor, May 18, 1795. 

Plates. 

Plate XXIV: General View: ‘‘To GEORGE THE THIRD, KING OF GREAT 

BRITAIN &c. This View of a Forty-Foot Telescope -constructed 

under his Royal Patronage, is with permission, most humbly in- 

scribed, by his Majesty’s very devoted and Loyal Subject, and most 

grateful obedient Servant, William Herschel.” 

Additional observations on the Comet. [1796,1.] By Witi1am HeErR- 

SCHEL, LL. D., F. R. S. [Read November 12, 1795. ] 

On the method of observing the changes that happen to the fixed stars ; with 

some remarks on the stability of the Light of our Sun. To which is added 

a Catalogue of Comparative Brightness for ascertaining the Permanency 

of the Lustre of Stars. By WILLIAM HERSCHEL, LL. D.,F.R.S. Read 

February 25, 1796. 
The earliest observers noted the different brilliancy of stars and have 

classed them into magnitudes. Brightness and [apparent] size 

were taken as synonymous terms, and may still be used as such, 

notwithstanding the latter must be a consequence of the former. 

If we suppose the stars to be about the size of our sun and at nearly 

an equal distance from us and from each other, those which form 

the first enclosure about us will appear brighter than the rest, and 

there can only be a small number of them. 

This hypothesis is nearly confirmed by observation, as may be seen 

by looking over a globe and applying a pair of compasses opened 

to 60°. Eleven pairs of 1st mag. stars are about 60° apart. 

Eight other pairs are near enough to 60° to support this hypothesis. 
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1796 86 167 A second layer of stars will be more extensive, etc., etc. 

168 The hypothesis of an equality and an equal distribution of stars is too 

far from being strictly true to be laid down as an unerring guide. 

168 The stars of the Ist and 2d class, scrupulously examined, prove that 

we must admit them to be either of different sizes or placed at dif- 

ferent distances. Both varieties undoubtedly take place. 

168 Thus it appears that in the classification of stars into magnitudes 

there is either no natural standard or none that can be satisfactory. ° 

: 169 Ifany dependence could be placed upon the method of magnitudes, 

it would follow that certain of FLAMSTEED’s stars had undergone a 

change in their Justre. [Examples given. ] 

170 FLAMSTEED did not compare the stars to each other, but referred each 

of them separately to its own imaginary standard. 

A short inquiry into the confidence to be given to the method of mag- 

nitudes may be of considerable use. 

170 In FLAMSTEED’s observations an error of 1™ in the brighter classes and 

14™ in the fainter would hardly deserve attention. 

171 In comparing the observations of different astronomers larger errors 

may be expected. 

172 Example. From FLAMSTEED’s and LACAILLE’s observations of 7 

Leonis we may conclude that this star is now less brilliant than for- 

merly. 

173 I place each star, instead of giving its magnitude, into a short series 

[sequence] constructed upon the order of brightness of the nearest 

proper stars. 

174 The Greek letters now affixed to the names of stars do not point out 

their order of brightness, except for the few brightest stars of each 

constellation. [Examples. ] 

175 A doubt may arise whether any succession of brightness might be 

argued from the. very first, second, or third letters of the alphabet, 

when we find them now arranged thus, as / aCassiopew, 3 a Cancri, 

y £ Aquila, ete. 

177 LALANDE, PIGOTT, and GOODERICKE have used the method I propose 

in special cases. 

178 Simple as my method is in principle, it is very laborious in its pro- 

gress. I began to use it 14 years ago. 

178 My first design was to draw each whole constellation into one series. 
Accordingly I began, July 16, 1781, to arrange the stars in Ophiuchus, 

thus: a, 6, 6,C, 7, «, v7, €. The defect of this arrangement was 

that we do not always have a proper connection of the steps of the 

series; the intervals being too great in some cases, too small in 

others. 

178 To get over these difficulties I marked the stars by degrees, three in 

a magnitude 1’, 1”, 1’; 2', 2”, 2”, etc., as “‘May 12, 1783; order of 

the stars in Bodtis ‘al’, e 2", 7 2", v B 6 3, ete.” 

179 Difficulties with this plan. 

180 Other methods tried. 
181 The method finally adopted explained. [The method of sequences. ] 

183 Difficulties in carrying out the method stated. oe 

184 These observations are of importance, as will appear when we remem- 
ber the great number of alterations of stars which have certainly 

happened within two centuries. 

185 Who would not wish to know the permanency of the lustre of our 

Sun? If it be allowed to admit the similarity of stars with our sun, 
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how necessary will it be to take notice of the fate of our neighbor- 

ing suns in order to guess at that of our own. That star which we 

call the Sun may to-morrow begin to undergo a gradual decay of 

brightness, like / Leonis, a Ceti, « Draconis, 6 Urse Majoris, and 

many others that will be mentioned in my catalogues. 

1796 86 186 It may suddenly increase like the wonderful star in the back of 

Cassiopea’s chair, or gradually come on like @ Geminorum, 7 Ceti, 

€ Sagittarii, ete.; or it may turn into a periodical star of 25 days’ 

duration, as Algol is one of 3 days, 5 Cephei of 5 days, ete. 

186 Perhaps the easiest way of accounting for past changes in our cli- 

mates is to surmise that our sun has been formerly sometimes more 

or sometimes less bright than now. 

187 A method of ascertaining the quantity or intenseness of solar light 

might be contrived. Perhaps the thermometer alone might be suf- 

ficient. 

187 Introductory Remarks and Explanations of the Arrangement and Charac- 

ters used in the following Catalogue. 

This first catalogue contains 9 constellations; the rest will follow. 

190 All the observations have been made in very fine nights when there 

was no suspicion of any whitish haziness. 

191 All observations upon stars of any considerable magnitude have been 

made with the naked eye. 

191 Wherever I have used magnitudes I have adopted FLAMSTEED’s scale. 

192 From the numerous differences we have reason to suspect many 

changes in the lustre of stars since FLAMSTEED’s time. 
192 Summary of differences with FLAMSTEED. 

194 I. Catalogue of the comparative brightness of the Stars. 

212 Notes. These cuntain errata in FLAMSTEED’s atlas and ca‘ alogue. 

226 Wo. HERSCHEL. 

[Dated] Slough, near Windsor, Jan. 1, 1796. 

1796 86 452 On the periodical star a Herculis; with remarks tending to establish the 

rotatory motion of the Stars on their axes. To which is added a second 

catalogue of the comparative Brightness of the stars. By WILLIAM 

HERSCHEL, LL. D., F. R. S. Read June 9, 1796. 
452 In my first catalogue I announced a@ Hercutis as a periodical star. It 

has been compared with several standard stars but chiefly with x 

Ophiuchi. : 

453 Table of the variation of light observed in a (Fl. 64) Herculis, com- 

pared to x (Fl. 27) Ophiuchi. 

454 The period is about 60 days and a quarter. Greater accuracy can 

only be obtained by future observations. 

455 On the Rotatory motion of the Stars on their Axes. 

455 We ought not to be satisfied with enrolling the discovery of one more 

periodical star among the list of facts we are acquainted with; for 

this would indeed be of no great consequence. 

455 Darker spots on the surface of stars will account for all the phenomena 

of periodic stars so satisfactorily that we certainly need not look 

out for any other cause. The objections which may be made are: 

the periods in Algol, 6 Lyra, 5 Cephei, and 7 Antinoi are short 3, 

5,6, and 7, etc., days; those of o Ceti, the star in Hydra and in 

Cygnus are long; 331, 394, and 497 days. 

456 Hitherto we have had but7 periodical stars [some of very short, some 
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of very long periods]; the discovery of a Herculis as a periodical 

star with a period of 60 days supplies a link in the chain and re- 

moves the objection that arose from the vacancy. 

Another instance of slow rotation is the 5th satellite of Saturn [Jape- 

tus], which revolves on its axis in 79 days. 

The rotations of the sun, moon, and some of the planets are known 

by their spots; [Japetus] is too small and too distant to allow its spots 

to be observed. But what we can no longer perceive we can now 

supply by rational arguments. The change in the light of the satel- 
lite proves the rotation; the rotation proves the existence of the 

spots. A still more extended similarity between the sun and the 

stars offers itself, by the spots which must also be admitted to take 

place. 

There are reasons to surmise that 34 Cygni is a periodical star of 18 

years’ return [see Phil. Trans., 1786, p. 201]. 

When the biography of the stars, if I may be allowed the expression, 

is arrived to more perfection, we may thén possibly not only be still 

more assured of their rotatory motion, but also perceive that they 

have other movements, such as nutations of their axes, ete. 

Memorandum relating to the following Catalogue. I find the magnitudes 

of FLAMSTEED so inconsistent that I shall not continue to note tho 

deviations between my observations and his. 

II. Catalogue of the comparative brightness of the Stars. 

Notes. 

Wo. HERSCHEL. 

[Dated] Slough near Windsor, June 1, 1796, 

A Third Catalogue of the comparative Brightness of the Stars ; with an in- 

troductory account of an Index to Mr. FLAMSTEED’S Observations of the 

Fixed Stars contained in the second volume of the Historia Colestis. 

To which are added several useful results derived from that Index. By 

WILLIAM HERSCHEL, LL. D., F. R. S. Read May 18, 1797. 

In my earliest reviews of the heavens I found many of the stars of 

the British Catalogue missing, and took it for granted that they 

were lost. The deviation of many stars from the magnitudes there 

given I looked upon as changes in the lustre of the stars. I there- 

fore wished to be able to refer to the original observations upon 

which the Catalogue was founded, and recommended to my sister 

the arduous task. 

She began the work about 20 months ago, and has lately finished 

it. 
Description of the manner of making the index. 

Examples of its use. 

General results to be obtained from an inspection of the index [with 

regard to FLAMSTEED’S errors ]. 

Additional notes to the stars in the I’irst Catalogue of the comparative bright- 

ness of the Stars. 

Same for the Second Catalogue. 

Ill. Catalogue of the comparative brightness of the Stars. 

Notes. ‘ 

Wo. HERSCHEL. 

[Dated] Slough, near Windsor, April 12, 1797. 
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V9 = 87 «332 Observations of the changeable Brighiness of the Satellites of Jupiter, and 
of the Variation in their apparent Magnitudes ; with a Determination of 
the Time of their rotatory Motions on their Axes. To which is added a 
Measure of the Diameter of the Second Satellite, and an Estimate of the 
comparative size of all the Four. By Witi1aM HERSCHEL, LL. D., 
Bb. RS: Read June 1, 1797. 

1797) 87 )—-332) «I have, when other pursuits would permit, attended to every cireum- 
stance that could forward the discovery of the rotation of the 
secondary planets. Since I have determined by observation that 
Japelus rotates according to the law obeyed by our moon, it seems 
natural to conclude that all the secondary planets do the same ; 
consequently, a few good observations that coincide with this 
theory will go a good way towards confirming it. 

333 I also desired to examine the nature and construction of the satellites. 
Here phenomena occurred that may be thought remarkable and 
perhaps contradictory. So far from attempting to lessen the force 
of such animadyersions, I shall be the first to point out difficulties 
in order that future observations may be made to resolve them. 

334 OBSERVATIONS: 4 remarkable Conjunction of two satellites of Jupiter. II 

and IIT cannot be separated with a power of 350 on a7-foot reflector. 

334 Intenseness of Light and Color of the Satellites. I is of a very intense, 

bright, white, and shining light. It is brighter than II or IV (not 

larger). I[V is inclining to red. It is nearly as bright as II. IL is 
of a dull ash color. III is very white. 

335 Brightness and diameter distinguished. 

335 Diameter of the second Satellite by entering on the Disc of the Planet. 

339 The Brightness of the Satellites compared to the Belts and Disk of the 
Planet. 

339-342 [Estimates of comparative magnitudes of I, I, III, IV.] 

342 Before we draw any conclusions from these observations, we ought to 

take notice of the many causes of deception, ete. The method of 

comparing the brightness is not subject to so great errors as esti- 

mating this in terms of an ideal standard. But the situation of the 

; satellites with respect to the planet introduces a new source of 

error. 

343 Objections to both low and high magnifiers. 

344 It appears that considerable changes take place in the brightness of 

the satellites, and also a change in their apparent magnitude. 

344 The first fact proves that the satellites have a rotatory motion upon 

their axes of the same duration with their revolutions about the 

primary planet. The second either shows that the bodies of the 

satellites are not spherical, or that some parts of the dises reflect 

hardly any light. 

345 Discussion of the observations to show that the satellites revolve on 

their axes in the same time that they revolve about the planet. The 

observations extend from 1794, July 19, to 1796, Nevember 3. 

ofG Table of the positions of the four satellites at the time of the observations. 

347 Method of reduction. , 

349 Summary of the observations relating to the color of the satellites. 

Tis white, but sometimes more intensely so than others. 

II is white, bluish, and ash-colored. 

350 II] is always white, but the color is of different intensity in different 

situations. 

S. Mis: 31 36 
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IV is dusky, dingy, inclining to orange, reddish, and ruddy at differ- 

ent times; and these tints may induce us to surmise that this satel- 

lite has a considerable atmosphere. 

The diameter of the second satellite is 0’.87 by 1 obs. 

III is considerably larger than any of the rest; I is a little larger than 

U, and nearly of the size of IV; IL isa little smaller than I and IV, 

or the smallest of all. 
Wn. HERSCHEL. 

[Dated] Slough, near Windsor, April 30, 1797. 

On the discovery of four additional satellites of the Georgium Sidus, The 

retrograde motion of its old Satellites announced, and the cause of their 

Disappearance at certain distances from the Planet explained. By W1L- 

LIAM HERSCHEL, LL. D., F. R. S. Read December 14, 1797. 

Ihave lately recomputed my observations of the satellites of [ Uranus] 

with improved tables from 1787 to now. I laid down a set of the- 

orems relating to the motions of these satellites; I calculated tables 

and devised means for checking the computations. 

I here announce that the motion of the Georgian satellites is retro- 

grade. 

From my miscellaneous observations, the existence of four additional 

satellites will be proved; the observations which tend to ascertain 

the existence of rings to the planet not being satisfactorily sup- 

ported, this surmise will be given up, or left till superior instruments 

are provided. 

Observations of stars near the planet are given under the head Re- 

ports, and of the new satellites under the head Observations. 

Investigation of additional satellites. , 

Arguments upon the Reports and Observations. 

An interior satellite. [The observations described. } 

An intermediate satellite. [The observations described. ] 

An exterior satellite. [The observations described. ] 

The most distant satellite. [The observations described. ] 

The arrangement of the satellites together will be thus: 

First satellite, the interior one of Jan. 18, 1790. 

Second satellite, the nearest old one of Jan. 11, 1787. 

Third satellite, the intermediate one of Mar. 26, 1794. 

Fourth satellite, the farthest old one of Jan. 11, 1787. 

Fifth satellite, the exterior one of Feb. 9, 1790. 

Sixth satellite, the most distant one of Feb. 28, 1794. 

Observations and reports tending to the discovery of one or more rings of 

the Georgian Planet and the flattening of its Polar Regions. 

Remarks upon the foregoing observations. 

The observation of the 26th Feb., 1792, seems to be very decisive 

against the existence of a ring, etc., and I venture to affirm that 
the planet has no ring in the least resembling those of Saturn. 

The flattening of the poles of the planet seems to be sufficiently as- 

certained. 

This being admitted, we may conclude that the Georgian Planet also 

has a rotation on its axis of a considerable degree of velocity. 

Reports and observations relating to the tight and size of the Georgian satel- 

lites, and to their vanishing at certain distances from the Planet. 

Remarks on the foregomg observations. 

Small stars near the planet lose much of their lustre. 
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The satellites become regularly invisible at certain distances from 
the planet. 

The first satellite [ Titania] usually vanishes at 18”. 

The second satellite [Oberon] usually vanishes at 20”. 

In uncommon and beautiful nights the first has once been seen at 

13.8 and the 2d at 17.3. j 

A dense atmosphere to the planet would account for this if it were 

not that the satellites are lost as well in the nearest half of their 

orbits as in the farthest. A satellite cannot be obscured by an at- 

mosphere that is behind it. 

The light of Jupiter and Saturn is diffused for several minutes [of arc] 

all around them. Their satellites are bright, and having much 

light to lose they comparatively lose but little. [Uranus] is very 

faint ; its satellites are very nearly the dimmest objects that can be 

seen in the heavens, so that they cannot bear any considerable 

diminution of their light without becoming invisible. 

The distances at which the satellites vanish will show their relative 

brightness. The first satellite [ Titania] is rather brighter than the 

second [Oberon]. ‘The interior satellite cannot be much inferior in 

brightness to these. 

Periodical Revolutions of the New Satellites. 

[ Dated] Slough, near Windsor, September 1, 1797. 

A Fourth Catalogue of the Comparative Brightness of the Stars. By W1L- 

LIAM HERSCHEL, LL. D., F. R. 8S. Read February 21, 1799. 

Catalogue. 

Notes. 
[Dated] Slough near Windsor, Jan. 28, 1799. 

On the power of penetrating into Space by Telescopes; with a comparative 

Determination of the Extent of that Power in natural Vision, and in Tel- 

escopes of various Sizes and Constructions ; illustrated by select observa- 

tions. By WittramM Herscuet, LL. D., F. R. 8. Read November 

25, 1799: 
The power of penetrating into space by telescopes is very different 

from magnifying power, and ought to be considered separately. 

Luminous bodies as here defined are such as throw out light, what- 

ever may be the cause of it, including those that shine by retlection 

only, and we may distinguish the class of self-luminous bodies when 

it is necessary. 

The question will arise whether luminous bodies scatter light in all 

directions equally; but until we know more of the powers that emit 

and reflect light we shall probably remain ignorant on this head. 

What I mean to say relates only to the physical points into which we 

may suppose the surfaces of luminous bodies to be divided. When 

we consider their whole construction the question assumes another 

form. 

We know from experience that light, flame, and luminous gases are 

penetrable to the rays of light. 

[Foot-note.] An experiment given to prove this. 

It follows therefore that every part of the sun’s disc cannot appear 

equally luminous to a given observer on account of the unequal 

depth of its atmosphere. (See Phil. Trans., 1795, p. 46.) 
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The greatest inequalities in the brightness of luminous bodies will be 

owing to their natural texture. 

Brightness, I ascribe to bodies that throw out light, and those that 

throw out most are the brightest. 

Let the whole quantity of light thrown out by a luminous body be, L; 

suppose the surface of this body to be composed of N luminous phys- 

ical points. Let C stand for the mean copiousness of light thrown 

out from all the physical points of a luminous object. Let ¢ express 

the copiousness of emitting light of any number of physical points 

that agree in this respect, and let their number be 7; similarly I 

define c! and n! for another set of points, and soon. Then L=cn 

+ on! + en? + etc., and L—N=C. 

An objection to this answered. 

The brightness of an object is truly defined by CN. The brightness 

arising from the great value of C may be called the intrinsic bright- 

ness; that from the great value of N the aggregate brightness; the 

absolute brightness is in all cases CN. 

In finding an expression for the appearance of luminous objects at any 

assigned distance we must leave out of account every part of CN 

which is not applied for the purposes of vision. L representing the 

whole light thrown out by CN, let / be that part of it used in vision 

either by the eye or the telescope. 

The equation of light, in this sense, is CN =1. 

The expression for its quantity at the distance of the observer D will 

be 1 D?. 

In natural vision J undergoes a considerable change by the opening 

or contracting of the pupil of the eye. 

In some experiments on light made at Bath in 1780 I [noticed the in- 

creased power of vision after staying some time in a dark room]. 

The opening of the iris is probably not the only cause of seeing better 

after remaining long in the dark, but the tranquillity of the retina 

may render it more fit to receive impressions. 

This is supported by telescopic vision, for in my sweeps of 4, 5, or 6 

hours’ duration my eye became so sensitive that when a star of the 

3d magnitude came towards the field of view I had to withdraw my 

eye in order not to injure the delicacy of vision. The opening of 

the iris was not the cause, as the diameter of the optic pencil was 

no more than 0.12 inch. 

With the 40-foot telescope the appearance of Sirius announced itself 

like the dawn of the morning till this brilliant star at last entered 

the field of the telescope with all the splendor of the rising sun, and 

forced me to take my eye from that beautiful sight. 

I found the eye, coming from the light, required nearly 20 minutes 

before it could see delicate objects, and that the view of a star of 

the 2d or 3d magnitude would so disorder it that nearly the same 

time was required to reéstablish its tranquillity. 
2 2L, 

If ais the opening of the iris and A the aperture of the telescope — 

is the light admitted by the eye, and =e will be that admitted by 

the telescope. 

Whenever the pencil of light from the telescope is larger than the 

aperture of the pupil, light is lost. Ifm be the magnifying power, 

A+m ought not to exceed a. 
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1800 90 55 Objection tothe foregoing. It being proved that an object is equally 

bright at all distances, it may be urged that in a telescope the dif- 

ferent distance of stars can be of no account with regard to their 

brightness, and that we must consequently be able to see stars 

which are many thousands of times farther than Sirius from us. 

56 The origin of such objections is in want of distinction in the two sorts 

of brightness, which have been discriminated by intrinsic and abso- 
lute brightness. 

56 The demonstrations of opticians with regard to what I eall intrinsic 

brightness, will not oppose what I affirm of absolute brightness. 

Though the sun, to an observer on Saturn, must be as bright as it is 

here on the earth, it cannot be meant that an inhabitant standing 

on the planet Saturn and looking at the sun should absolutely receive 

as much light from it as one on earth receives when he sees it. 

57 The picture of the sun on the retina of the Saturnian observer is as 

intensely illuminated as that on the retina of the terrestrial astron- 

omer, but it should be remembered that the sun on Saturn appears 

to be a hundred times less than on the earth; and that conse- 

quently, though it may there be intrinsically as bright, it must here 

be absolutely an hundred times brighter. 

57 This reasoning is entirely applicable to the stars; and the light we 

, ; a?l 
can receive from the stars is truly expressed by D2 

~ On 

58 Hence I am authorized to conclude that stars cannot be seen by the 

naked eye when they are more than seven or eight times farther 

from us than Sirius, and that they become, comparatively speak- 

ing, very soon invisible with our best instruments. 

58 With respect to the naked eye,_the power of penetrating into space 

is limited. Among reflecting luminous objects our penetrating 

powers are sufficiently ascertained. An object seen by reflected 

light at a greater distance than the Georgian Planet, it has never 

been allowed us to perceive. 

59 The range of natural vision with self-iuminous objects is incompara- 

bly more extended, but less accurately to be ascertained. 

59 The general supposition is admitted that stars, at least those which 

seem to be promiscuously scattered, are probably one with another 

of a certain magnitude. 

59 [Foot-note.] The Phil. Trans. for the year 1796, page 166, 167, 168 is 

referred to for support of this assumption. 

60 The difference in brightness between Sirius, Arcturus, a Cygni, and 

f Tauri, does not seem to alter the dimensions of the iris; a, there- 

fore, becomes a given quantity and may be left out. 

61 Admitting that the latter of these stars are probably at double the 

distance of the former, we can have no other guide to lead us a 

third step than the before-mentioned hypothesis; in consequence of 

which it is probable that stars of the third magnitude may be 

placed about three times as far from us as those of the first. 

61 Our third step forward into space may therefore very properly be 

said to fall on the pole star, on y Cygni, ¢ Bodtis, and all those of 

the same order. 

62 The difference between these and the stars of the preceding order is 

much less striking than that between the stars of the first and sec- 

ond magnitudes. So the calculated ratio of the brightness of a star 
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of the sixth magnitude to that of one of the seventh, is but httle 
more than 1+ to 1. 

1800 90 62 The faintness of the stars of the 7th magnitude gives us little room 
to believe that we can penetrate much farther into space with ob- 

jects of no greater brightness than stars. 

63 I think, from the faintness of the stars of the 7th magnitude, and 
from the foregoing considerations, we are authorized to conclude that 

no star, eight, nine, or at most ten times as far from us as Sirius, 

can possibly be perceived by the natural eye. 

63 Where the light of single stars falls short, however, the united lustre 

of sidereal systems will still be perceived. We easily see the united 

lustre of the stars in the sword-handle of Perseus, though the light 
of no one of the single stars could have affected the unassisted eye. 

64 Perhaps, among the farthest objects that can make an impression on 

the eye, when not assisted by telescopes, may be reckoned the 

nebula in the girdle of Andromeda discovered by SIMON Marius in 

1612. 

64 It has been shown that brightness or light is to the naked eye truly 

represented by = in a telescope, therefore, the light admitted will 

Al 
be expressed by pr Hence it would follow that the artificial 

power of penetrating into space should be to the natural one as A 

toa. But this proportion must be corrected by the practical defi- 

ciency in light reflected and transmitted. 

65 As the result of many experiments with plane mirrors, polished like 

my large ones, and of the same composition of metal, I find we shall 

have, in a telescope of my construction, with one reflection, 63,796 _ 

rays, out of 100,000 come to the eye. In the Newtonian form, 

with a single eye-lens, 42,901 ; and, with a double eye-glass, 40,681 

will remain for vision. 

65 Since the brightness of luminous objects is inversely as the squares 

of the distances, it follows that the penetrating power must be as 

the square roots of the light received by the eye. 

66 In natural vision, therefore, this power is truly expressed by Y al, 

and since we have now also obtained a proper correction 7, we must 

apply it to the incident light with telescopes. 

66 In the Newtonian and other constructions where two specula are 

used there will also be some loss of light on account of the inter- 

position of the small speculum ; therefore, putting b for its diameter, 

we have 42— 72 for the real incident light. This being corrected as 

above, will give the general expression ~/y/  A=— 2 for the same 

power in telescopes. 

66 Then, if we put natural light 71, and divide by a, we have the 

V 
general form © 2-A°—? for the penetrating power of all sorts of 

a 
telescopes, compared to that of the natural eye as a standard. 

66 In the following investigation we shall suppose a—two-tenths of an 

inch. 

67 ‘In the year 1776, when I had erected a telescope of 20 foot focal 

length, of the Newtonian construction, one of its effects by trial 

was, that when towards evening, on account of darkness, the nat- 

ural eye could not penetrate far into space, the telescope possessed 
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that power sufficiently to shew by the dial of a distant church 
steeple what o’clock it was, notwithstanding the naked eye could 
no longer see the steeple itself. Here I only speak of the penetrat- 
ing power; for though it might require magnifying power to see the 
figures on the dial, it could require none to see the steeple.” 

The space-penetrating power of this telescope was 38.99. 

1800 =90 68-81 [Dimensionsof various telescopes used by Hurscue., and their ealeu- 

lated space-penetrating powers are given, together witha large num- 
ber of examples quoted from his note-books illustrative of the rela- 
tions of magnifying and space-penetrating powers. ] 

82 Comparison of the space-penetrating power of 20-foot telescope caleu- 

lated according to the principles developed in this paper with that 

deduced from observation, as given in Phil. Trans., vol. 75, p. 247, 

248. A substantial agreement leads to the conclusion that no single 
star above 489.551, or at most 612 times as far as Sirius, can any 
longer be seen in this telescope. 

83 The space-penetrating power of the large reflector was 192; admit- 

ting that stars of the 7th magnitude are visible to the unassisted eye, 

this telescope would show stars of the 1,342d magnitude. There- 

fore, a cluster of 5,000 stars might be seen by the 40-foot reflector at 

a distance at least 300,000 times that of the nearest fixed star. 

84-85 The calculated time necessary to sweep the whole heavens with the 40- 

foot telescope, assuming 100 hours of observing time in the year as 

the most probable deduction from experience, is 812 years. 

[Dated] Slough, near Windsor, June 20, 1799. 

1800 90 255 Investigation of the Powers of the prismatic Colours to heat and illuminate Ob- 

jects; withremarks that prove the different Refrangibility of radiant Heat. 

To which is added an Inquiry into the Method of viewing the Sun advan- 

tageously with Telescopes of large Apertures and high magnifying Powers. 

By WILLIAM HERSCHEL, LL. D., F. R. S. Read March 27, 1800. 

255 ‘lt is sometimes of great use in natural philosophy to doubt of things 

that are commonly taken for granted; especially as the means of 

resolving any doubt, when once it is entertained, are often within 

our reach. 

256 ‘‘In a variety of experiments I have occasionally made relating to the 

method of viewing the sun, with large telescopes, to the best advan- 

tage, I used various combinations of differently coloured darkening 

glasses. What appeared remarkable was that when I used some of 

them I felt a sensation of heat, though I had but little light; while 

others gave me much light, with scarce any sensation of heat. Now, 

asin these different combinations the sun’s image was also differently 

coloured, it occurred to me that the prismatic rays might have the 

power of heating bodies very unequally distributed among them; and 

as I judged it right in this respect to entertain a doubt, 1t appeared 

equally proper to admit the same with regard to light. If certain 

colours should be more apt to occasion heat, others might, on the 

contrary, be more fit for vision, by possessing a superior illuminat- 

ing power. At all events, it would be proper to recur to experi- 

ments for a decision.” 
256-260 Eight experiments to test heating power of red, green, and violet 

regions of the prismatic spectrum. 

261 Asaresult, we have the proportion of the rising of the thermometer in 

red to that in green as more than 2} to 1; in red to violet about 34 to 1. 
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262 

262-2 

268 

270 

271 

272 

273 

Experiments on the illuminating Power of coloured Rays. 

270 Ten experiments on the visibility of objects illuminated by dif- 

ferently coloured light. 

“The maximum of illumination lies in the brightest yellow or palest 

green.” 

May not the chemical properties of the prismatic colours be as dif- 

ferent as those which relate to light and heat? Adequate methods 

for an investigation of them may easily be found; and we cannot 

too minutely enter into an analysis of light, which is the most subtle 

of all the active principles that are concerned in the mechanism of 

the operations of nature.” ¢ 

Radiant Heat is of different Refrangibility. 

““T must now remark that my foregoing experiments ascertain beyond 

a doubt that radiant heat, as well as light, whether they be the 

same or different agents, is not only refrangible, but is also subject 

to the laws of dispersion arising from its different refrangibility ; 

and, as this subject is new, I may be permitted to dwell a few mo- 

ments upon it. The prism refracts radiant heat, so as to separate 

that which is less efficacious from that which is more so. The 

whole quantity of radiant heat contained in a sunbeam, if this dif- 

ferent refrangibility did not exist, must inevitably fall uniformly 

on a space equal to the area of the prism; and if radiant heat were 

not refrangible at all, it would fall upon an equal space in the place 

where the shadow of the prism, when covered, may be seen. But, 

neither of these events taking place, it is evident that radiant heat 

is subject to the laws of refraction, and also to those of the different 

refrangibility of light. May not this lead us to surmise that radiant 

heat consists of particles of light of a certain range of momenta, 

and which range may extend a little farther on each side of refrangi- 

bility than that of light? We have shewn that in a gradual ex- 

posure of the thermometer to the rays of the prismatic spectrum, 

beginning from the violet, we come to the maximum of light long 

before we come to that of heat, which lies at the other extreme. By 

several experiments, which time will not allow me now to report, 

it appears that the maximum of illumination has little more than 

half the heat of the full red rays; and, from other experiments, I 

likewise concluded that the full red falls still short of the maxi- 

mum of heat, which perhaps lies even a little beyond visible re- 

fraction. In this case, radiant heat will at least partly, if not 

chiefly, consist, if I may be permitted the expression, of invisible 

light; that is to say, of rays coming from the sun, that have such 

a momentum as to be unfit for vision. And, admitting, as is highly 

probable, that the organs of sight are only adapted to receive im- 

pressions from particles of a certain momentum, it explains why 

the maximum of illumination should be in the middle of the re- 

frangible rays, as those which have greater or less momenta are 

likely to become equally unfit for impressions of sight. Whereas, 

in radiant heat, there may be no such limitation to the momentum 

of its particles. From the powerful effects of a burning lens, how- 

ever, we gather the information that the momentum of terrestrial 

radiant heat is not likely to exceed that of the sun, and that, con- 

sequently, the refrangibility of calorific rays cannot extend much 

beyond that of colourific light. Hence, we may also infer that the 

ce 
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invisible heat of red-hot iron, gradually cooled till it ceases to shine, 
has the momentum of the invisible rays which, in the solar spectrum 
viewed by daylight, go to the confines of the red; and this will afford 
an easy solution of the reflection of invisible heat by concave mir- 
rors.” 

273 Application of the Result of the foregoing observations to the Method of 
viewing the Sun advantageously with Telescopes of large Apertures and 
high magnifying Powers. ~ 

274 Relation of experience which led to investigation. 

275-276 Experiments on the absorption of various media. 

277 = Telescopic Experiments. 

277-282 Description of twenty-seven experiments to determine the best form 
of sun-glass for telescopes. 

283 Certain precautions to be observed in using telescopes on the sun. 

[Dated] Slough, near Windsor, March 8, 1800. 

284 Experiments on the Refrangibility of the invisible Rays of the Sun. By 

; WILLIAM HERSCHEL, LL. D., F. R. S. Read April 24, 1800. 

284 Description of method. Three sensitive thermometers were placed 

upon a small stand upon which a spectrum of the sunlight was 

caused to fall. 

285 Report of first experiment. A thermometer 4 inch beyond limit of 
visible red rose 64 degrees in 10 minutes. 

286 Report of second experiment. As a result it was “evident that there 

was a refraction of rays coming from the sun, which, though not 
fit for vision, were yet highly invested with a power of occasioning 

heat.” 
287-288 Experiments at the violet end of the spectrum. 

“From these last experiments I was now sufficiently persuaded that 

no rays which might fall beyond the violet could have any percepti- 

ble power, either of illuminating or of heating; and that both these 

powers continued together throughout the prismatic spectrum, and 
ended where the faintest violet vanishes.” 

289-290 Experiments to determine the situation of the maximum of the 
heating power. 

291 ‘The 5th and 6th experiments show, that the power of heating is ex- 

tended to the utmost limits of the visible violet rays, but not beyond 

them, and that it is gradually impaired as the rays grow more refran- 

gible. 

“The four last experiments prove, that the maximum of the heat- 

ing power is vested among the invisible rays; and is probably not 

less than half an inch beyond the last visible ones, when projected 

: in the manner before mentioned. The same experiments also show, 

that the sun’s invisible rays, in their less refrangible state, and con- 

siderably beyond the maximum, still exert a heating power fully 

equal to that of red-coloured light; and that, consequently, if we may 

infer the quantity of the efficient from the effect produced, the invis- 
ible rays of the sun probably far exceed the visible ones in number. 

“To conclude, if we call light, those rays which illuminate objects, and 

radiant heat, those which heat bodies, it may be inquired whether 
light be essentially different from radiant heat? In answer to which 

I would suggest, that we are not allowed, by the rules of philoso- 

phizing, to admit two different causes to explain certain effects, if 
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they may be accounted for by one. A beam of radiant heat, eman- 

ating from the sun, consists of rays that are differently refrangi- 

ble. The range of their extent, when dispersed by a prism, begins 

at violet-coloured light, where they are most refracted and have 

the least efficacy. We have traced these calorific rays throughout 

the whole extent of the prismatic spectrum; and found their power 

increasing, while their refrangibility was lessened, as far as to the 

1800 90 292 confines of red-ccloured light. But their diminishing refrangibility 
and increasing power did not stop here; for we have pursued them 

a considerable way beyond the prismatic spectrum, into an invisible 

state, still exerting their increasing energy, with a decrease of re- 

frangibility, up to the maximum of their power; and have also 

traced them to that state where, though still refracted, their energy, 

on account, we may suppose, of their now failing density, decreased 

pretty fast; after which the invisible thermometrical spectrum, if I 

may so call it, soon vanished. 

“Tf this be a true account of solar heat, fur the support of which I 

appeal to my experiments, it remains only for us to admit that such 

of the rays of the sun as have the refrangibility of those which 

are contained in the prismatic spectrum by the construction of the 

organs of sight are admitted under the appearance of light and 

colours; and that the rest, being stopped in the coats and humours 

of the eye, act upon them, as they are known to do upon all the 

other parts ef our body, by occasioning a sensation of heat.” 

Explanation of Plate XI, in which is given a view of the apparatus. 

[Dated] Slough, near Windsor, March 17, 1800. 

1800 90 293 Experiments on the solar and on the terrestiial Rays that occasion Heat ; 

with a comparative view of the Laws to which Light and Heat, or rather 

the Rays which occasion them, are subject, in order to determine whether they 

are the same or different. By WiILLIAM HERSCHEL, LL. D., F. B.S. 

Part I. Read May 15, 1800. 

“‘The word heat, in its common acceptation, denotes a certain sen- 

sation well known to every person. The cause of this sensation, 

to avoid ambiguity, ought to have been distinguished by a name 

different from that which is used to point out its effect. Various 

authors, indeed, who have treated on the subject of heat, have 

occasionally added certain terms to distinguish their conceptions, 

such as latent, absolute, specific, sensible heat, while others have 

adopted the new expressions of caloric and the matter of heat. 

None of these descriptive appellations, however, would have com- 

pletely answered my purpose. I might, as in the preceding papers, 

have used the name radiant heat, which has been introduced by a 

celebrated author, and which certainly is not very different from 

the expressions I have now adopted; but by calling the subject of 

my researches the rays that occasion heat I cannot be misunderstood 

as meaning that those rays themselves are heat, nor do I in any re- 

spect engage myself to show in what manner they produce heat. 

“From what has been said it follows that any objections that may 

be alleged from the supposed agency of heat in other circum- 

294 stances than in its state of radiance or heat-making rays cannot 
be admitted against my experiments. For, notwithstanding I may 

be inclined to believe that all phenomena in which heat is con- 

cerned, such as the expansion of bodies, fluidity, congelation, fer- 
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mentation, friction, etc., as well as heat in its various states of 

being, latent, specific, absolute, or sensible, may be explained on 

the principle of heat-making rays, and vibrations occasioned by 

them in the parts of bodies; yet this is not intended at present to 

be any part of what I shall endeavor to establish. 

‘*T must also remark that in using the word rays I do not mean to 

oppose, much less to countenance, the opinion of those philosophers 

who still believe that light itself comes to us from the sun, not by 

rays, but by the supposed vibrations of an elastic ether, every- 

where diffused throughout space. I only claim the same privilege 

for the rays that occasion heat which they are willing to allow to 

those that illuminate objects. For, in what manner soever this 

radiance may be effected, it will be fully proved hereafter that the 

evidence, either for rays or for vibrations which occasion heat, 

stands on the same foundation on which the radiance of the illumin- 

ating principle, light, is built.” 

‘‘We shall begin with the heat of luminous bodies in general, such 

as, in the first place, we have it directly from the sun; and as, in 

the second, we may obtain it from terrestrial flames, such as torches, 

candles, lamps, blue-lights, ete. 

1800 90 295 ‘Our next division comprehends the heat of coloured radiants. This 
we obtain, in the first place, from the sun, by separating its rays in 

a prism; and, in the second, by having recourse to culinary fires, 

openly exposed. 

“The third division relates to heat obtained from radiants, where 

neither light nor colour in the rays can be perceived. This, as I 

have shown, is to be had, in the first place, directly from the sun, by 

means of a prism applied to its rays; and, in the second, we may 

have it from fires inclosed in stoves, and from red-hot iron cooled 

till it can no longer be seen in the dark. 

‘Besides the arrangement in the order of my experiments which would 

arise from this division, we have another subject to consider. For, 

since the chief design of this paper is to give a comparative view 

of the operations that may be performed on the rays that occasion 

heat, and of those which we already know to have been effected on 

the rays that occasion light, it will be necessary to take a short re- 

view of the latter. Ishall merely select such facts as not only are 

perfectly well known, but especially such as will answer the inten- 

tion of my comparative view, and arrange them in the following 

order: 1. Light, both solar and terrestrial, is a sensation occasioned 

by rays emanating from luminous bodies, which have a power of 

illuminating objects; and, according te circumstances, of making 

them appear of various colours. 2. These rays are subject to the 

laws of reflection. 3. They are also subject to the laws of refrac- 

296 tion. 4. They are of different refrangibility. 5. They are liable 

to be stopped, in certain proportions, when transmitted through 

diaphanous bodies. 6. They are liable to be seattered on rough 

surfaces. 7. They have hitherto been supposed to have a power of 

heating bodies; but this remains to be examined. 

‘The similar propositions relating to heat, which are intended to be 

proved in this paper, will stand as follows: 1. Heat, both solar and 

: terrestrial, is a sensation occasioned by rays emanating from candent 

substances, which have a power of heating bodies. 2. These rays 
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are subject to the laws of reflection. 3. They are also subject to 

the laws of reflection. 4. They are of different refrangibility. 5. 

They are liable to be stopped, in certain proportions, when trans- 

mitted through diaphanous bodies. 6. They are liable to be scat- 

tered on rough surfaces. 7. They may be supposed, when in acer- 

tain state of energy, to have a power of illuminating objects; but 
this remains to be examined.” 

1800 90 297 Ist Experiment. Reflection of the Heat of the Sun. 

A thermometer was exposed at the eye end of a ten-feet Newtonian 

telescope. The rays, after three regular reflections, caused the 

thermometer to rise 58 degrees. The experiment cannot ascertain 

whether these rays were those of light or not. 

2d Experiment. Jeflection of the Heat of a Candle. 

The ball of a thermometer, placed in the secondary focus of a steel 

mirror, received 3} degrees of heat in five minutes. 

298 3d Experiment. Ieflection of the Heat that accompanies the Solar Pris- 

matic colours. 

The same mirror was covered by a piece of pasteboard, which, through 

a proper opening, admitted all the visible colors to fall on its pol- 

ished surfaces, but excluded every other ray of heat that might be 

either on the violet or on the red side, beyond the spectrum. The 

299 thermometer in the focus rose 35 degrees above its stationary posi- 

tion in the direct red rays when the mirror was covered. ‘Thus 

the prismatic colours, if they are not themselves the heat-making 

rays, are at least accompanied by such as have a power of occasion- 

ing heat, and are liable to be regularly reflected.” 

4th Experiment. Jeflection of the Heat of a red-hot Poker. 

300 Sth Experiment. eflection of the Heat of a Coal Fire by aplain Mirror. 

301 6th Experiment. Seflection of I’ire-heat by a Prism. 

302 7th Experiment. Reflection of Invisible Solar Heat. 

On a board about 4 feet 6 inches long was placed at one end a small 

plain mirror, and at the other two sensitive thermometers. Upon 

this board was projected a prismatic spectrum, and just beyond the 

limit of the red rays the mirror was stationed so as to reflect invis- 

ible rays to the ball of one of the thermometers. In ten minutes 

303 this thermometer stood four degrees above the other. 

304 8th Experiment. Reflection and Condensation of the Invisible Solar Rays- 

At the focus of a concave mirror was placed the ball of a thermome, 

ter. Upon the mirror was thrown a prismatic spectrum which coy- 

ered half the mirror. This half was covered by a pasteboard screen 

so that only invisible rays were reflected to the ball of the ther- 

mometer. In one minute the thermometer rose 19 degrees, 

305 9th Experiment. eflection of Invisible Culinary Heat. 

306-307 10th Experiment. Jeflection of the Invisible Rays of Heat of a Poker, 

cooled from being red-hot till it could no longer be seen in a dark Place. 

308 11th Experiment. Refraction of Solar Heat. 

The rays from the sun, falling on the mirror of a Newtonian tele- 

scope 24 inches in diameter, were transmitted after reflection through 

the four lenses of an eye-piece and allowed to fall on the ball of a 

thermometer. 

12th Experiment. Refraction of the Heat of a Candle. 

309 The image of a candle flame was thrown upon the ball of a:‘thermom- 

eter by a lens 1.1 in diameter. 
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1800 90 310 13th Experiment. Refraction of the Heat that accompanies the Coloured 
part of the Prismatic Spectrum. 

A burning lens 9 inches in diameter was covered by a piece of paste- 
board in which there was an opening of a sufficient size to admit 
all the coloured part of the prismatic spectrum. As the thermom- 
eter showed rise of temperature, the conclusions were, that if the 
coloured rays themselves are not of a heat-making nature, they are 
at least accompanied with rays that have the power of heating 

311 bodies, and that these rays are subject to certain laws of refraction 

which cannot differ much from those affecting light. 

311-312 14th Experiment. Refraction of the heat of a Chimney Fire. The 

same burning glass before the clear fire of a large grate. 

313-314 15th Experiment. Refraction of the Heat of a Red-hot Iron. This 

was by a lens of 1.1 inches diameter. 

315-316 16th Experiment. Refraction of Fire-heat by an Instrument resem- 

bling a Telescope. 

317 17th Experiment. Refraction of the Invisible rays of Solar Heat. The 

burning Icns of 9 inches diameter was half covered by a screen of 

pasteboard, upon which the prismatic spectrum was thrown, keep- 

ing the last visible red colour one-tenth of an inch from the edge of 

the pasteboard. The thermometer, which had its ball at the focus 

for red rays, showed great increase of temperature; but at the same 

time exhibited a slight red colouration. This occasioned a surmise 

that possibly the invisible rays of the sun might become visible, if 

they were properly condensed. 

318 18th Experiment. Trial to render the Invisible Rays of the Sun Visible 

by Condensation. 

‘he previous experiment was modified so that the last visible red 

colour was two tenths of an inch from the margin of the paste- 

board. Here a marked increase of temperature was evinced with- 

out a vestige of light. 

319 19th Experiment. Lefraction of Invisible Culinary Heat. 

A heated cylinder of iron was placed on one side of a lens of 1.1 inches 

diameter, and the ball of a thermometer in the secondary focus on 

the other side of the lens. A small pasteboard screen was alternately 

removed from before the thermometer and replaced, the thermometer 

exhibiting corresponding rise and fall of temperature, from a bright 

red heat of the cylinder down to its weakest state of black heat. 

320-321 20i:h Experiment. Confirmation of the 19th. 

322 ‘As we have now traced the rays which occasion heat, both solar and 

terrestrial, through all the varieties that were mentioned in the be- 

ginning of this paper, and have shown that in every state they are 

subject to the laws of reflection and refraction, it will be easy to per- 

ceive that I have made good a proof of the first three of my prop- 

ositions. For the same experiments which have convinced us that, 

according to our second ‘and third articles, heat is both reflexible 

and refrangible, establish also its radiant nature, and thus equally 

prove the first of them.” 

[Dated] Slough, near Windsor, April 26, 1500. 

323-326 Explanation of the Figures. Plates XII, XII, XIV, XV, and XVI. 

1800 90 437 Experiments on the Solar and on the Terrestrial Rays that occasion Heat; 

with a comparative View of the Laws to which Light and Heat, or rather 

the Rays which occasion them, are subject, in order to determine whether 
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they are the same or different. By WILLIAM HERSCHEL, LL. D., F.R.S8. 
Part II. Read Nov. 6, 1800. 

“The next three articles of this paper will require, that while we 

shew the similarity between light and heat, we should at the same 

time point out some striking and substantial differences, which will 

438 occur in our experiments on the rays which occasion them, and on 

which hereafter we may proceed to argue, when the question re- 

served for the conclusion of this paper, whether light and heat be 

occasioned by the same or different rays, comes to be discussed.” 

Arr. LV. Different Refrangibility of the Rays of Heat. 

439 Construction of a curve, from experiments before described, the ab- 

seissas of which represent the arrangement of colours in the pris- 

matic spectrum, and the ordinates the corresponding luminous in- 

tensity. : 

440 Construction of a curve which, in a similar manner, represents the 

distribution of heat in a prismatic spectrum. 

“A mere inspection of the two figures, which have been drawn as 

lying on each other, will enable us now to see how very differently 

441 the prism disperses the heat-making rays, and those which occasion 

illumination. * * * These rays neither agree in their mean 

refrangibility nor in the situation of their maxima.” 

441-442 2ist Experiment. The sines of Refraction of the heat-making Rays are 

in a Constant Ratio to the sines of Incidence. ‘Ten different refracting 

angles of various media were used. 

443 22nd Experiment. Correction of the Different Refrangibility of Heat by 

contrary Refraction in Different Mediums. An achromatic combina- 

tion of two crown prisms and one flint deflected no heat outside the 

visible spectrum. 

444 23rd Experiment. In Burning-glasses the Focus of the Rays of Heat is 

Different from the Focus of the Rays of Light. 

445 Arr. V. Transmission of Heat-making Rays. 

446-448 Description of apparatus for this investigation. 

447 [Foot-note.] Theory of the sensibility of thermometers. 

449 Transmission of Solar Heat through Colourless Substances. 

24th Experiment. The transmission of rays by a piece of bluish-white 

glass measured. 

450 Reference to Table7 at the end of the paper, which gives the propor- 

tion of light transmitted by various substances, solid and liquid, 

white and coloured. 

451 25th Experiment. Transmission through a piece of flint glass + inch 

thick. 
452-453 Experiments 26 to 30. Transmission through crown glass, coach 

glass, Iceland crystal, and two varieties of tale. 

453 Transmission of Solar Heat through Glasses of the prismatic colours. 

453-456 Experiments 31 to 43. 

456 Transmission of Solar Heat through Liquids. 

457-458 Experiments 44 to 49. Transmission through well-water, sea- 

water, spirits of wine, gin, and brandy. 

458 Transmission of Solar Heat through Scattering Substances. 

458-462 Experiments 50 to 62. Transmission through various pieces of 
ground glass, an olive-coloured glass, calcined tale, white paper, 

linen, white persian, and black muslin. 

462 Transmission of Terrestrial Flame-heat through various Substances. 
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462-463 Description of apparatus used. 

464-470 Experiments 63 to 93. Transmission of heat from a candle flame 

through the various substances used betore. 

470 Transmission of the Solar Heat which is of an Equal Refrangibility with 
Red Prismatic Rays. 

470-471 Description of apparatus used. 

471-476 Experiments 94 to 116. Transmission of red solar rays through the 
substances used before. 

476 Transmission of Pire-Heat through various Substances. 

476-477 Description of apparatus. 

477-485 Experiments 117 to 147. Transmission of heat from a grate fire 

through the same plates before used. 

485 Transmission of the Invisible Rays of Solar Heat. 

485-490 Experiments 148 to 169. 

490 Transmission of Invisible Terrestrial Heat. 

490-492 Method and apparatus employed. 

492-497 Experiments 170 to 194. Transmission of heat from a stove by the 
plates before used. 

497 Arr. VI. Scattering of Solar Heat. 

497-498 Description of apparatus. 

499-506 Experiments 195 to 219. Determinations of the amount of heat 

scattered by various kinds of paper, textile fabrics, metals, &c. 

506 ArT. VII. Whether Light and Heat be occasioned by the same or by Differ- 

ent Rays. 

506 ‘‘ Before we enter into a discussion of this question it appears to me 

that we are authorized, by the experiments which have been de- 

livered in this paper, to make certain conclusions that will entirely 

alter the form of our enquiry. Thus, from the 18th experiment it 

appears that 21 degrees of solar heat were given in one minute to 

a thermometer by rays which had no power of illuminating objects 

and which could not be rendered visible, notwithstanding they 

were brought together in the focus of a burning lens. The same 

has also been proved of terrestial heat in the 9th experiment, where 

in one minute 39° of it were given to a thermometer by rays totally 

invisible, even when condensed by a concave mirror. Hence it is 

established, by incontrovertible facts, that there are rays of heat, 

both solar and terrestrial, not endowed with a power of rendering 

objects visible. 

“Tt has also been proved, by the whole tenour of our prismatic ex- 

periments, that this invisible heat is continued, from the beginning 

of the least refrangible rays towards the most refrangible ones in a 

series of uninterrupted gradation, from a gentle beginning to a 

certain maximum, and that it afterwards declines as uniformly to 

a vanishing state. These phenomena have been ascertained by an 

instrument which, figuratively speaking, we may call blind, and 

which, therefore, could give us no information about light; yet, 

by its faithful report, the thermometer, which is the instrument 

alluded to, can leave no doubt about the existence of the different 

degrees of heat in the prismatic spectrum. 

‘This consideration, as has been observed, must alter the form of 

our proposed inquiry, for the question being thus at least partly 

decided, since it is ascertained that we have rays of heat which 

give no light, it can only become a subject of inquiry whether 
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some of these heat-making rays may not have a power of render- 

ing objects visible, superadded to their now already established 

power of heating bodies.” 

508 ‘It has been shown that the effect of heat and of illumination may 
be represented by the two united spectra which we have given.” 

““Now when these are compared it appears that those who would 

have the rays of heat also to do the office of light must be obliged 

to maintain the following arbitrary and revolting positions, namely: 

that a set of rays conveying heat should all at once, in a certain 

part of the spectrum, begin to give a small degree of light; that 

this newly acquired power of illumination should increase while 

the power of heating is on the decline; that when the illuminating 

principle is come to a maximum it should in its turn also decline 
very rapidly and vanish at the same time with the power of heating. 

How can effects that are so opposite be ascribed to the same cause ?” 

509 Relation of the refrangibility of the maximum heat-making rays 

and that of the rays of maximum luminousity. 

TABLE I.—Containing the results of experiments 24 to 30. 

510 TasBueE Il.—Containing the results of experiments 31 to 43, followed 

by a discussion of the same. 

511 TaBreE III.—Results of experiments on liquids. 

511 Tasie LY. Containing the stoppages occasioned by scattering sub- 

stances. 

512-519 Argument founded upon the data contained in these four tables, 

The general course of this argument is that, assuming the heat- 

making rays and rays of light to be of the same nature, a ratio of 

the efficacy of the invisible rays to that of the luminous rays de- 

rived from one set of experiments is incompatible with the ratio 

derived from any other set. Under the assumption that the heat- 

making rays are essentially different from light rays, this incom- 

patibility does not appear. 

520 TaBLe V. Sltoppage of Prismatic Heat of the Refrangibility of the Red 

Rays, and of the Invisible Rays. 

[The measurements on dark-red glass here quoted is HERSCHEL’s de- 

cisive experiment, proving that heat-making rays are not the same 

by nature as the light rays. The experiment involves a photome- 

tric determination not described, the result of which is, however, 

quoted. | 

521-523 Argument founded upon data in above table. 

524 TabBLe VI. Containing the results of the experiments on the trans- 

mission of terrestrial heat. 
525-527 Showing the impossibility of explaining these results by any as- 

sumption as to the ratio of the efficacy of visible and invisible rays. 

528 Table of the Transmission of Terrestrial Scattered Light through various 

Substances; with a short Account of the Method by which the Results 

contained in this Table have been obtained. 

528-531 Description of the method and apparatus used, both being founded 

upon the principles of BouGUER. The sources of scattered light 

were vanes of white paper illuminated by a lamp. 

532-533 TABLE VII. This table contains the transmitting power for light 

of nearly all the substances used in the experiments of this paper. 

533 Table of the Proportional Terrestrial Light Scattered by various Sub- 

stances. 
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034-535 TABLE VIIT. Containing the relative scattering power of thirty- 
three bodies. 

535-538 Heplanation of the Plates. 

1801 91 265 Observations tending to investigate the Nature of the Sun in order to jind 

the Causes or Symptoms of its variable Emission of Light and Heat; 

with Remarks on the Use that may possibly be drawn from Solar Obser- 

vations. By WiLLIAM HERSCHEL, LL. D., F. RS. Read April 16, 
1801. 

265-266 Reference to HERSCHEL’s view, given on a former occasion, that 

the sun is a magnificent habitable globe; declaration that these more 

recent observations support that view; and a statement as to the 

importance of solar observations in their bearing upon the climate, 

together with an opinion that such observations will enable us to 
predict the character of a season. 

267-268 Definitions of the terms, openings, shallows, ridges, nodules, corru- 
gations, indentations, and pores. 

269 Explanation of the form of the paper and the reasons for it. 

270 OF OPENINGS. Openings are Places where the luminous Clouds of the Sun 
are removed. 

[Foot-note.] For a geometrical proof of the depression of openings 

a reference to a paper by ALEXANDER WILSON, Phil. Trans., vol. 
64, 

271 Large Openings have generally Shallows about them. Many Openings are 

without Shallows. Small Openings are generally without Shallows. 

Openings have generally Ridges and Nodules about them. 

272 Openings have a Tendency to run into each other. New Openings break out 

near other Openings. Probable Cause of Openings. 

273 Direction and Operation of the disturbing Cause. 

274 Maxima of Openings. 

275 There is some Difference in the colour of Openings. Openings divide when 

they are decaying. 

276 Decaying Openings sometimes increase again. When Openings are divided 

they grow less and vanish. Decayed Openings sometimes become large 

Indentations. 

277 ~Decaying Openings turn sometimes into Pores. When Openings are van- 

ished, they leave Disturbance behind. 

278 Apparent View into the Openings, under luminous Ridges and Shallows. 

Depth of the Openings indicated by their Darkness. 
279 Distance between the Shallows and solar Surface, indicated by the free 

Motion of low Clouds. 
280 Or SHALLOWS. Shallows are depressed below the general Surface of the 

Sun; and are Places where the luminous solar Clouds of the upper Re- 

gions are removed. The Thickness of the Shallows is visible. 

281 Sometimes there are Shallows without Openings in them. Incipient Shallows 

come from the Openings, or branch out from Shallows already formed, 

and go forwards. Probable Cause of Shallows. 

283 Shallows have no Corrugations, but are tufled. Decay of Shallows. 

283 Or Ripces. Lidges are Elevations above the general Surface of the lu- 

minous Clouds of the Sun. 

284 Length of a Ridge. Ridges generally accompany Openings. Ridges are 

also often in Plaees where there are no Openings. 

S. Mis. 31 OT 
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1801 91 285 Lidges disperse very soon. Different Causes of Ridges hinted at. 

286 Or Nopuies. Nodules are small, but highly elevated, luminous Places. 

Nodules may be Ridges fore-shortened. 

287 Or CORRUGATIONS. Corrugations consist of Elevations and Depressions. 
Corrugations extend all over the Surface of the Sun. 

288 Dispersed Ridges or Nodules make Corrugations. Corrugations change 

their Shape and Situation ; they increase, diminish, divide, and vanish 

quickly. 

289 OF INDENTATIONS. The dark places of Corrugations are Indentations. 

290 Indentations are without Openings. In some places the Indentations con- 

tain small Openings. The Elevations and Indentations of Corrugations 

are of different Figures. Indentations change to Openings. 

291 Indentations are of the same Nature as Shallows. Indentations are low 

Places, which often contain very smail Openings. Indentations are of 

different Sizes. Indentations are extended all over the Sun. 

292 With low magnifying Powers, Indentations will appear like Points. 

292 OF PorEs. The low places of Indentations are Pores. Pores increase 

sometimes, and become Openings. Pores vanish quickly. 

293 OF THE REGIONS OF SOLAR CLOUDS. 

Changes in the Solar Clouds happen continually. 

294 There are two different Regions of Solar Clouds. 

The infericr clouds are opaque,and probably not unlike those of our 

Planet. 

295 Quantity of light reflected from the inferior Planetary Clouds. 

297 Indentations are planetary Clouds, reflecting light through the open Parts 

of the Corrugations. The opaque inferior Clouds probably suffer but 

little of the light of the self-luminous superior Clouds to come to the Body 

of the Sun. Motion of the inferior Clouds. 

298 Motion of the superior Clouds. 

299 Eminent Use of the planetary Clouds. 

300 OF THE SOLAR ATMOSPHERE. The Sun has a planetary Atmosphere. The 

Sun’s planetary Atmosphere extends toa great Height. The planetary 

Atmosphere of the Sun is of great Density. 

301 The Solar Atmosphere, like ours, is subject to Agitations, such as with us 

are occasioned by Winds. There is some clear Atmospheric Space, be- 

tween the solid Body of the Sun and the lowest Region of the Clouds. 

302 The Sun’s planetary Atmosphere is transparent. 

303. THEORETICAL EXPLANATION OF THE SOLAR PHENOMENA. 

GENERATION OF PORES. 
304 Formation of Corrugations. Cause of Indentations. 

305 Cause of the mottled Appearance of the Sun. Formation of small Open- 

ings, Ridges, and Nodules. Production of large Openings and Shal- 

lows. 

306 SIGNS OF SCARCITY OF LUMINOUS MATTER IN THE SUN. 

Visible Deficiency of empyreal Clouds. A perfect Calm in the upper Re- 

giens of solar Clouds. Want of Openings, Ridges, and Nodules. 

307 Many Indentations without, and others with, changeable Pores. 

308 SIGNS OF ABUNDANCE OF LUMINOUS MATTER IN THE SUN. 

Visible Increase of empyreal Clouds. Many Openings, Ridges, and No- 

dules. 

310 Coarse and luminous Corrugations. 

[Each of the above headings is followed by quotations from HER- 

SCHEL’s Journals in confirmation ]. 
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310-318 <A general discussion of the conclusions to be deduced from the 

observations quoted in this paper. [To HrrscuHer it seemed that 

the absence of Openings, Ridges, and Nodules, indicated a scarcity 

of luminous matter in the sun, and, therefore, that the seasons 

during which such conditions of the sun were recorded ought to be 

of a lower temperature. He finds support for this view in the 

higher price of wheat during the five recorded periods of scarcity 

of sun spots. ] 

318 Explanation of the Ist, 2d, 11th, and 12th figures of Plates XVIII 

and XIX. 

304 Additional Observations tending to investigate the Symptoms of the variable 

Emission of the Light and Heat of the Sun; with Trials to set aside dark- 

ening Glasses, by transmitting the Solar Rays through Liquids; anda 

few Remarks to remove Objections that might be made against some of the 

Arguments contained in the former Paper. By WILLIAM HERSCHEL, 

LL. D., F. R. 8S: Read May 14, 1801. 

354-355 Considerations as to the relations of the condition of the solar sur- 

face and the weather. 

355 ‘Before I proceed, I must hint to those who may be willing to attend 

to this subject, that I have a strong suspicion that one half of our 

sun is less favorable to a copious emission of rays than the other; 

and that its variable lustre may possibly appear to other solar sys- 

tems, as irregular periodical stars are seen by us; but, whether this 

-arises from some permanent construction of the solar surface, or is 

356 merely an accidental circumstance, must be left to future investi- 

gation: it should, however, be carefully attended to.” 

356-361 Observations of the sun. 

361 Description of a skeleton eye-piece, into the vacancy of which may 

be placed a moveable trough, shut at the ends with plain glasses, 

so that the sun’srays may be made to pass through any liquid, such 

as spirits of wine, Port wine, mixture of ink and water, ete , placed 

in the trough. 

362 EXPLANATION OF THE FiGuREs. Plate XXVIII. 

213 Observations on the two lately discovered bodies. [Ceres and Pallas.] By 

WILLIAM HERSCHEL, LL. D., F. R. S. Read May 6, 1802. 

213 [Ceres] is of very small size. [Foot-note.] Its real diameter is not 

as great as three-eighths of our moon. 

214 Magnitude of the new Stars. [Ceres and Pallas. | 

April 1, 1802. I placed a lucid disc at a considerable distance ‘from 

the eye and viewed with one eye the magnified star (seen with a 

7-foot reflector) and the lucid dise with the other. 

215 By this means it appears that the real ‘diameter of Ceres is not above 

0/40, 

215 April 21. With a ten-foot reflector the same experiment gave 0”. 38. 

217 April 22. For Ceres the diameter was 0/.22. For Pallas 0.17 and 

OMS: 

918 The real diameters are, then, Ceres 161.6 miles, Pallas 147 miles. 

219 Of Satellites. [Observations on this subject. ] 

220 There is certainly no satellite to Ceres that can be seen with the 20- 

foot reflector. 

220 Of the Color of the new Stars. The color of Ceres is ruddy but not very 

deep. Ceres is more ruddy than Pallas. Pallas is of a dusky whitish 

color. 
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Of the Appearances of the new stars with regard to a Disk. 

Ceres has a visible disk. Pallas’ disk I would rather call a nucleus. 

Of the appearances of the new stars, with regard to an atmosphere or coma, 

[Observations] probably no coma. 

On the nature of the new Stars. 

What are these new stars; are they planets or are they comets? 

Planets defined (by 7 particular properties). 

Our new stars cannot be called planets. 

Comets defined (by 5 particular properties). 

The new stars are not comets. They should be called Asteroids from 

their resemblance to small stars. 

Asteroids defined. 

Statement of the reasons we have for expecting that additional aste- 
roids may probably be soon found out. 

I have already made five reviews of the zodiac without detecting,any 
of these asteroids; their motion and not their appearance will be 
the future means of detecting them. 

We have reason to believe that a number of asteroids may remain con- 
cealed. 

Comets may become asteroids. 

Additional observations relating to the appearances of the asteroids Ceres 

and Pallas. 

The coma of Ceres not much greater than that of stars of the same 

magnitude. 

The fixed stars differ considerably in this respect among themselves. 

The coma of Pallas not much more than tor equal fixed stars. 

Catalogue of 500 new Nebule, nebulous Stars, planetary nebule and Clus- 

ters of Stars; with Remarks on the construction of the Heavens. By 

WILLIAM HERSCHEL, LL. D., F. R. S. Read July 1, 1802. 

After a sufficient number of celestial objects is found, there is a neces- 

sity for a scientific classification. The former classification was 

only for the convenience of the observer. 

ENUMERATION OF THE PARTS THAT ENTER INTO THE CONSTRUCTION 
OF THE HEAVENS. 

I. Of Insulated Stars. 

Notion of an insulated star—our sun is one. 

The milky way consists of stars very differently scattered from those 

which are immediately about us. 

By analogy we may admit that every insulated star may be attended 

with planets, etc. I should hesitate to extend this analogy to every 

star in the heavens, and even think that probably we can only look 

for solar systems among insulated stars. 
II. Of Binary Sidereal Systems or Double Stars. 

Difference between a double and a binary star. 

Difference between solar and sidereal systems. 

No insulated stars of nearly an equal size and distance can appear 

double to us. 

Proof of this. 

Casual situations will not account for the multiplied phenomena of 

double stars, and their existence is owing to a general law of na- 
ture—gravitation is that law. 

I shall soon communicate a series of observations on double stars, 

proviag that many of them have already changed their situation with 
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regard to each other in a progressive course, denoting a periodical revolu- 

tion round each other. 

Our sun does not belong to such a system. 

Ill. Of more complicated Sidereal Systems, or treble, quadruple, quintuple, 

and multiple stars. 

1802 92 487 Theorem as to the permanent connection of revolving stars, when the 

forces acting on any one of them reduced to a direction as coming 

from the empty centre are in the direct ratio of the distances from 

that centre. 

488-494 Hypothetical examples of such multiple stars. 

494 Such combinations as I have mentioned are not the inventions of fancy; 

they have an actual existence; and, were it necessary, I could point 

them out by thousands. 

495 I do not imagine that I have pointed out the actual manner in which 

they are held together, but only the possibilities of such unions. 

495 IV. Of Clustering Stars and the Milky Way. 

Marks of clustering in the milky way. Example of the stars between 

f and € Cygni. 

496 ‘We may indeed partly ascribe the increase, both of brightness and 

of apparent compression, to a greater depth of the space which con- 

tains these stars; but this will equally tend to show their clustering 

condition, for since the increase of brightness is gradual, the space 

containing the clustering stars must tend to a spherical form if the 

gradual increase of brightness is to be explained by the situation of 

the stars.” 
V. Of groups of Stars. Definition. 

497 VI. Of clusters of Stars. Definition. 

VII. Of Nebule. Perhaps they are all to be resolved into the three 

last-mentioned species. 
498 Power of a telescope to penetrate not only space but time past. 

499 VIII. Of Stars with Burs or Stellar Nebule. 

IX. Of Milky Nebulosity. 

Probably of two kinds. 1st, apparent, which is formed by distant 

[‘‘widely-extended”] clustering stars; and, 2d, real, and possibly 

at no very great distance from us. The nebula of Orion of this lat- 

ter kind. 

500 X. Of Nebulous Stars. 

501 XI. Of Planetary Nebulae. 

Perhaps they are allied to nebulous stars, 

XII. Of Planetary Nebule with Centres. 

503 Catalogue. 
Class I No. 216 to No. 228 

II No. 769 to No. 907 

Ill Ne. 748 to No. 978 

IV No. 59 to No. 78 

AV No. 45 to No. 52 

VI No. 36 to No. 42 

Vil No. 56 to No. 67 

VIII No. 79 to No. 88 

598 Plates XVI and XVII, 16 figures of hypothetical orbits of multiple 

stars. 

1803 93 214 Observations of the Transit of Mercury over the disk of the Sun; to which 

is added an investigation of the causes which often prevent the proper 



582 

Herschel, W.: 
Vol. A.D. 

1803 

1803 

93 

93 

1 

214 

215 

216 

339 

340 

341 

BIBLIOGRAPHY OF HERSCHEL’S WRITINGS. 

SYNOPSIS OF THE WRITINGS Or—Continued. 

action of Mirrors. By WILLIAM HERSCHEL, LL. D., F. R. 8. Read 

February 10, 1803. . 

The observations were made (1802, Noy. 9) with a glass mirror of 7 

feet focus and 6.3 inches aperture under favorable conditions, and 

also with a 10-feet reflector. Eye-pieces made of dark-green glass 

and others smoked on the side next the eye were used. 

No ring about the planet; no distortion of the limbs of the sun or 

Mercury at egress. 

Mercury was perfectly spherical in figure. 

Observations and experiments relating to the causes which often affect mir 

rors, so as to prevent their showing objects distinctly. 

The experience of many years will enable me to assign the principa 

causes of disappointments in the use of mirrors. 

The following observations have all been made with specula of un- 

doubted goodness, so that every cause which impeded their proper 

action was extrinsic. 

Moisture in the air. Damp air is no enemy to vision. 

Fogs. 

Frost. 

Hoar-Frost ; Dry-Air. 

Northern-Lights ; Windy-Weather ; Fine in Appearance. 

Over a Building; The Telescope lately brought out. 

Confined Place; Haziness and Clouds. 

Focal-length. 

In order to see well with telescopes it is required that the tempera- 

ture of the atmosphere and mirror should be uniform and the air 

fraught with moisture. 
All the preceding observations are accounted for by this principle. 

Experiments [on the effects of change of focal length of a speculum. ] 

Heat applied back and front of a glass speculum lengthened the 

focus. 

With a metal mirror the focus became first shorter and then length- 

ened. 

In observing the sun similar effects may arise. 

Perhaps these might be counteracted by an application of heat to 

the back of the mirror or by an interception of it in front. 

Account of the changes that have happened during the last Twenty-Five 

Years in the Relative Situation of Double-Stars ; with an investigation of 

the Cause to which they are owing. By WILLIAM HERSCHEL, LL.D., 

F. R.S. Read June 9, 1803. 

In Phil. Trans., 1502, p. 477, I have defined insulated stars. The dis- 

covery of [Ceres and Pallas] has enlarged our knowledge of the 

system of insulated stars. 

I have already shown that two stars may revolve about their common 

centre of gravity; and that it is probable there would be many 

such binary systems among all the stars of the heavens. But 
neither of these reasons is a proof of the actual existence of such 

systems. I will here give an account of observations which will go 

to prove that many of them are not merely double in appearance, 

but are real binary combinations, intimately held together by the 

bond of mutual attraction. 

In Plate VII, Fig. 1, call the place of the sun, O, of the larger star 

of a double star, a, of the smaller, x. 
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There are three motions to be considered of the bodies O, a, 7; & mos 

tion of one, of two, or of all three. 

Single Motions. If « and O are at rest, a motion of y may be assumed 

so as perfectly to explain any change of distance or of angle of 

position of the two stars. 

The effect of a motion of w or of O explained. 

Double motions. 

Motions of the three bodies. 

[Observations] case of a Geminorum. 

The distance has remained about constant for 233 years. 

In a reflector the apparent diameter of a star depends upon: the 

aperture with respect to the focal length; the distinctness of the 

mirror; the magnifying power; the state of the atmosphere. By 

contracting the aperture we can increase the apparent diameter; 

want of distinctness does the same thing; an increase of magnify- 

ing power increases the distance apart of two stars, but this in- 

crease is not proportional to the increase of the power, and sooner 

or later comes to a maximum; the state of the atmosphere is the 

most material condition, as we cannot alter it. 

The other three causes are at our disposal. I took ten different mir- 

rors of 7 feet focus, 6.3 inches aperture, magnifying power 460. 

With these, one after another, I viewed a Geminorum. With each 

one the distance of the components was the same. 

When double stars are first seen they appear nearer together than 

later. 

Ihave known it to take up two or three months before the eye was 

sufficiently acquainted with the object to judge with the requisite 

precision. 

The error ef this method of estimating the distance of these two stars 

is not above 0.34. 

The angle of position of these stars was in 1779, 32° 47’ north-preced- 

ing; it is now only 10° 53’. In 234 years it has diminished 21° 54’; 

this change has been regular and gradual. 

Accuracy of the angles of position investigated by the deviation of 

separate measures from the mean. 

This micrometer, then, will give the position of a double star true to 

about 1° from 2 measures; in the worst circumstances the error 

will not be 3°. 

The cause of this change must be examined. A revolving star would 

explain the alteration of the angle of position with no alteration of 

the distance. As we have no precedent for, this it will be right to 

examine whether the change cannot be accounted for by the proper 

motions of the stars, or of the sun. 

Single motions [examined ]. 

All are inconsistent with my observations. 

The proper motion of the sun must be admitted in such a direction 

and of such a velocity as will satisfy the mean direction and velocity 

of the general proper motions of the stars. 

Double Motion. This hypothesis is not maintainable. 

Motion of the three Bodies. This hypothesis will explain the observa- 

tions, but in so complex a way as to leave no doubt that we should 

give the preference [to the hypothesis of a revolution of the stars 

themselves ]. 
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1803 93 362 Table of measures of Castor and comparison of calculated and observed 

angles. 

363 An observation of BRADLEY’s on Castor (1759) quoted. 

365 New table of calculated and observed angles, including BRADLEY’S 
observations. The are 45° 39’ has been described in 43 years 142 

days. 

365 The regularity of the motions gives us reason to conclude that the 
orbits of these stars are circular and at right angles to the line of 
sight; if this be nearly true the time of a revolution will be about 

342 years and 2 months. 

366-372 y Leonis. [This case considered as before. ] 

372 Table of observations: the period is about 1,200 years. 
372 € Bodtis. 

378 C€ Herculis. 

380 6 Serpentis. 

381 vy Virginis. 

382-3 Plates VII and VIJI—figures of orbits. 

1804 94 353 Continuation of an Account of the Changes that have happened in the 

relative situation of double Stars. By WILLIAM HERSCHEL, LL. D., 

F.R.S. Read June 7, 1804. 

353 In my former paper (Phil. Trans., 1803, p. 339) I gave the changes in 

the situation of six double stars. 

353 Iused the best observations I had of the position of Castor, but as 

the proper motions of 36 principal stars published in the Green- 

wich observations give the motion of this star different from what 

I used, it will be necessary to review the arguments in the same 
order as in the preceding paper. 

358 [The former conclusions in regard to Castor are confirmed. | 

359 In the further list of 50 double stars here given, 28 have undergone 

only moderate changes, less than 10°. 

Thirteen have altered their situation above 10° but less than 20°; 3 

stars have changed more than 20°; the six remaining have changed 

between 30° and 130°. : 

309-384 [The various pairs considered and observations given. | 

360 Ihave no longer supposed the solar motion to be directed to A Her- 

culis, but to a point at no very great distance from this star. 

1805 95 31 Experiments for ascertaining how far Telescopes will enable us to deler- 

mine very small Angles, and to distinguish the real from the spurious 

Diameters of celestial and terrestial Objects ; with an Application of the 

Result of these Experiments to a Series of Observations on the Nature 

and Magnitude of Mr. HARDING’S lately discovered Star. [Juno.] By 

WILLIAM HERSCHEL, LL. D., F. R. S. Read December 6, 1804. 

31 ‘We know that a very thin line may be perceived and that objects 

may be seen when they subtend a very small angle; but the case I 

wanted to determine relates to a visible disk, a round, well-defined 

appearance, which we may without hesitation affirm to be circular, 

if not spherical.” 

[In 1774 HERSCHEL found that a square area could not be distinguished 

from an equal circular one till the diameter of the latter came to 

subtend an angle of 2/ 17/’.] 

32 Ist Experiment, with the Heads of Pins. 
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34 

35 

These objects were observed at a distance of 2407.85 inches from the 

mirror of a ten-feet reflecting telescope. It was found that in the 

telescope a body subtending the magnitied angle of 2’ 19’ could 

easily be recognized as round. 

2d Experiment, with small Globules of Sealing-waz. 

It appeared that with a substance not reflecting much light the mag- 

nified angle must be between 4 and 5 minutes before we can see it 

round. 

3d Experiment, with Globules of Silver. 

36-57 4th Experiment, with Globules of Pitch, Bees-wax, and Brimstone. 

38-39 Sth Experiment, with Objects at a greater Distance. 

40 

40 

41 

42 

43 

44 

46 

47 

6th Experiment, with illuminated Globules. 

SPURIOUS DIAMETERS OF CELESTIAL OBJECTS. 

Observations and Experiments, with Remarks. 

With stars, the spurious diameters are larger than the real ones, which 

are too small to be seen. 

The spurious diameters of stars are of different sizes, and under the 

same circumstances their dimensions are of a permanent nature. 

The spurious diameters of the stars are differently coloured. 

Their spurious diameters are lessened by increasing the magnifying 

power, but in a much less ratio. 
Magnifying power acts less on the large diameters and more on the 

small ones. When the aperture of the telescope is lessened, it will 

occasion an increase of the spurious diameters; but this inerease is 

not proportional to the diameters of the stars, acting more upon the 

small spurious diameters and less upon the large ones. Very small 

stars, however, lose their spurious diameters, and become nebu- 

lous. 
The spurious diameter of a star is reduced by haziness of the atmos- 

phere. At a low altitude a star makes a spectrum, being coloured 

by the prismatic power of the atmosphere. 

SPURIOUS DIAMETERS OF TERRESTRIAL OBJECTS, WITII SIMILAR RE- 

MARKS. 
7th Experiment with Silver Globules. 

8th Experiment. 

The luminous spots or spurious disks of the globules were of unequal 

diameters. 

9th Experiment. 10th Experiment. 

11th Experiment. 12th Experiment. 

13th Experiment. 14th Experiment. 

48-49 15th Experiment, with Drops of Quicksilver. 

50 

? 

SL 

52 

[These experiments, from the 7th to the 15th, inclusive, prove that all 

the remarks made concerning the spurious disks of stars are also 

applicable to sufficiently small and bright terrestrial objects. ] 

16th Experiment, with black and white Circles. 

17th Experiment, with different Illumination. 

18th Experiment. Measures of spurious Disks. 

With drops of quicksilver, the spurious disks were measured by means 

of distant disks of known diameters upon which they were projected. 

By covering the mirror with screens of different apertures, and also 

by stopping out its center by circular screens of different size, it 

was found that the sizes of the spurious disks were not determined 

by the quantity of light reflected from the mirror, but rather by the 
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53 part of the mirror used. Thus the inside rays of a mirror increase 

the diameter of these disks, whereas the outside rays alone have a 

greater effect in reducing it than they do when the inside rays are 

left to join with them. This affords a criterion as to whether a disk 

is real or spurious. 

19th Experiment. Trial of Estimations. 

20th Experiment. Use of the Criterion. 

54 21st Experiment. Measures of the comparative Amount of the spurious Di- 

ameters produced by the Inside and Outside Rays. 

22d Experiment. Trial of the Criterion on celestial Objects. 

55 22d Experiment. [Another trial. ] 

55-61 OBSERVATIONS ON THE NATURE AND MAGNITUDE OF Mr. HARDING’S 
LATELY-DISCOVERED STAR. 

61 RESULTS AND APPLICATION OF THE EXPERIMENTS AND OBSERVATIONS. 
62 There isa limit to the size of objects [4 second in HERSCHEL’s 10-foot 

telescope] above which a mere increase in magnifying power will 

betray the realdisk. By the criterion of the outside and inside rays, 

an object of half this angular diameter may be shown to have real 
dimer DSiOps, but below this value the telescope cannot distinguish 

_, bety een a real and spurious diameter. 

63-61 Remarks on the class of celestial bodies to which the new star be- 

Ongs, and a justification of the term ASTEROID as applied to them. 

eLDated}.Slough, near Windsor, December 1, 1804. 

(oe88 ON the direction and velocity of the Motion of the Sun, and Solar System. 

By. ‘WILLIAM HERSCHEL, LL. D., F.R.S. Read May 16, 1805. 
BBS, 0 Dr. . MASKELYNE’S Table of the proper motions of 36 stars proves the 

motions of the stars cf the first brightness, such as are probably in 

our immediate neighborhood. The charfges in position of minute 
; “stars that I have ascertained prove that motions are equally carried 

on in the remotest parts of space. 

88, jn 1783 I deduced from the proper motions of stars, with a high de- 

gree ‘of probability, a motion of the sun and solar system towards 

A Herculis. 

234 The present paper will treat [only] of the direction of the solar 

motion. 

234 Reasons for admitting a solar motion. 

It may appear singular that I should again think it necessary to give 

reasons for this. The cause is that [in 1783 I proposed to] take 

away the various proper motions of stars by investing the sun with 

a contrary one. Now, however, [I find that] the solar motion will 

reveal so many concealed real motions that we shall have more of 

them than would be necessary were the sun at rest. Hence the ne- 

cessity for admitting the solar motion ought to be well established. 

235 Theoretical considerations. 

235 A view of the motions of moons around planets, and these again 

round the sun, may suggest the motion of the latter round some 
unknown centre. The solar motion was suggested by LAMBERT; 

Dr. WILSON has shown its possibility from theoretical principles, 

and DE LA LANDE its probability. The rotation of the sun indi- 

cates a motion of translation; the cause of both is unknown. 

236 The periodical stars should be examined with this idea. Conversely 

stars that have a motion in space may be surmised to have also a 

rotation on their axes. 
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Symptoms of parallactic Motions. 

Three sorts of motions explained by Fig. 1, Plate VII. 

The parallactic, the real, and the apparent motions. 

Since a motion of the sun will occasion parallactic motions of the 

stars, these again must indicate a solar motion. To ascertain 

whether parallactic motions exist we must choose the brightest 

stars which are most affected by solar motion, they being probably 

the nearest to the sun. 

We distinguish parallactic from real motions by the direction of 

the motion. If a solar motion exists all parallactic motions will be 

opposite to it; real motions will be dispersed indiscriminately to 
all parts of space. 

The point towards which the sun moves is the apex of solar motion; 

the opposite point is the parallactic centre. 

Table I. Ten positions of the solar apex from first magnitude stars. 

Fifteen positions from fainter stars stated. 

Changes in the position of double Stars. Among the 56 stars which I 

have given, the changes of more than half appear to be [due to a 

solar motion ]. 

Incongruity of proper Motions. 

Sidereal occultation of a small Star. 

As far as we can judge at present the vanishing of the small star near 

6 Cygni is only a parallactic disappearance. A real motion would 

also explain it. 

Direction of the Solar Motion. 

When we are in search of an apex for the solar motion, it ought to be 

so fixed as to be equally favorable to every star. * * * Ouraim 

should be to reduce the proper motions of the stars to their lowest 

quantities. 

Table II of the direction and quantity of the apparent motion of six 

stars, supposing the sun to move towards ” Herculis. 

Table III of the angles of the parallactic motion with the parallel; 

and Table IV, angles of the apparent with the parallactic motion. 

Table V. Quantities and sum of the least real Motions. 

Assuming the apex of solar motion to be in R. A, 270° 15’, N. P. D. 

54° 45’, Table VI is computed: it is similar to Tables III, IV, V. 

Assuming the apex R. A. 245° 52’ 30’, N. P. D. 40° 22’, Table VII 

[like Table VI] is calculated. 

Although the great proper motions of Arcturus, Procyon, and Sirius 

are strong indications of their being affected by parallax, it is not pro- 

bable that their apparent changes are entirely due to solar motion. 

Observation shows that proper motions do exist: we should choose 

that apex which will take away more real motion than any other, 

or we should put the apex in R. A. 245° 52’ 30’, N. P. D. 40° Dns 

Observations on the singular Figure of the planet Saturn. By WILLIAM 

HERSCHEL, LL. D., F. R. S. Read June 20, 1805. 

[Brief account of the particularities of the system of Saturn. ] 

There is a singularity left which distinguishes the figure of Saturn 

from that of all the other planets. In 1776 I perceived that the 

body of Saturn was not round. In 1781 I found it was flattened at 

the poles more than Jupiter. In 1789 I measured the polar and 

equatorial diameters, and prepossessed with the idea of its being 

spheroidical I [paid no attention to other diameters ]. 
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273 Observations on Saturn: [from 1805, April 12, to June 2] 1805, April 
12. The ring is brighter than the body, and whiter. 

274 April18. The figure of Saturn is different from the spheroidical figure 

of Jupiter. The 4 points of greatest curvature are in latitude 46° 

38’. 
275 The shadow of the ring on the body is broader at the ends than in the 

middle. 

275 April19. The figure of Saturn is like a parallelogram with the four 

corners rounded off deeply. The latitude of the four points of 

greatest curvature is 45° 44/.5. 
276-277 May 5-13. Saturn and Jupiter were viewed alternately [and the 

preceding remarks confirmed ]. 

279 The real Saturn compared with the figure in Phil. Trans., 1790, Dale 

The two did not agree. I then modified the latter and made them 

agree. An exact copy is given in Plate IX. 

280 Dimensions of the parts given. 

205 On the Quantity and Velocity of the Solar Motion. By WiLL1AM HER- 

SCHEL, LL. D., F. R.S. Read February 27, 1806. 

205 The direction of the solar motion was ascertained in a former paper: 

the velocity is now in question. 

205 The proper motions, reduced to one direction, have been called quan- 

tities, to distinguish them from the velocities of the moving stars, 

required to produce those motions. The same distinction must be 

kept with respect to the velocity of the solar motion. 

205 At a given distance, when the quantity of the solar motion is known, 

its velocity is known, and every approximation towards a knowl- 

edge of the distance of a star of the first magnitude will be one 

toward a knowledge of the real solar velocity. It is otherwise with 

a star, for the angle of the direction of its motion with the visual 

ray is unknown. 

206 I shall use the former six stars in the present paper. 

206 Proportional distance of the Stars. 

207 I propose the following arrangement: Table VIII, proportional Dis- 

tances of Stars; Sirius, 1.00; Arcturus, 1.20; Capella, 1.25; Lyra, 1.30; 

Aldebaran and Procyon, 1.40. 

208 I have tried all the known and many new ways of measuring the com- 
parative light of the stars, and no one gives a satisfactory result. 

When we have more authentic data, the calculation may be re- 

peated. 

208 Effect of the increase and decrease of the Solar Motion and Conditions to 

be observed in the Investigation of its Quantity. 

209 Table IX. In 6 columns: Stars; Apparent motion; Solar motion; 

Parallactic motion; Real motion; Velocities. 

210 It isnot the motions but the velocities which must be equalized. 

211 It is assumed that their real motions are at right angles to the visual 
ray. [The objection to this considered. | 

213 Calculations for drawing Figures that will represent the observed motions 

of the Stars. 

These are of two classes; the first will remain unaltered whatsoever 

the solar motion; the second must be adjusted to every change 

Lof solar motion ]. 

214 We must assume relative distances for {he rest of our stars. 
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Table X contains the result of calculation of the permanent quanti- 

ties. It has six columns: (1) gives the star’s name; (2) its pro- 

portional distance; (3) apparent motion; (4) Direction with the 

parallel; (5) Direction with the parallactic motion; (6) Velocity. 

[There are 36 stars. ] 

Plate IV, Fig. 1 and Fig. 3, exhibits columns 8, 4, and 5 graphically. 

Fig. 2 and Fig. 4 give the velocities. 

Remarks on the sidereal Motions as they are represented from Observation. 

Fig. 1 (from observation) shows that there must be some physical 

cause which gives a bias to the directions in which the stars are 

moving. Discussion of Figs. 2, 3, 4. 

The Solar Motion and its direction assigned in the first part of this paper 

are confirmed by the Phenomena attending the observed motions of 36 stars. 

Trial of the method to obtain the Quantity of the Solar Motion by its Rank 

among the sidereal Velocities. 

Calculations for investigating the Consequences arising from any proposed 

Quantity of Solar Motion and for delineating them by proper Figures. 

Table XI contains 5 columns: (1) name of star, including the sun ; 

(2) Parallactic Motion; (3) Real Motion; (4) Parallactic Angle; 

(5) Velocity. 

Figs. 5 and 6 illustrate Table XI. 

Remarks that lead to a necessary examination of the Cause of the sidereal 

Motions. 

A motion of the stars may arise from mutual gravitation or from an 

original projectile force. Both these causes act in the solar system. 

The similar direction of the motion of a group of stars may be as- 

cribed to their similar projectile motions. 

Considerations of the attractive Power required for a sufficient Velocity of 

the sidereal Motions. 

The mere attraction of neighboring stars acting upon each other 

cannot be the cause of proper motions. Sirius and the Sun from 

that cause would approach yearly by less than 0’’.000000005 to an 

eye at the distance of Sirius and supposing its parallax 1’. 

A centre of attraction must then be assumed, and original projectile 

motions must be supposed. 

The centre of attraction may be one mass or a group. 

Orit may be a union of groups; like two clusters 12° apart which 

are near the line of the solay motion. 

The Milky Way will furnish centres of attraction. 

Independent of the solar motion, the action of distant centres of 

attraction will be required to explain the proper motions of stars. 

If the Sun be at rest Arcturus moves 2” a year; and this must be 

due to a projectile motion and the attraction of far distant centers. 

Determination of the Quantity of the Solar Motion. The rank assigned 

to the solar motion is a perfect medium among the [36] sidereal 

velocities [which have been considered. ] 

The quantity of the solar motion is such that to an eye placed at right 

angles to its direction, and at the distance from Sirius, it would be 

annually 1/’.116992. 

Concluding Remarks and Inferences. [ Objections considered. ] 

When a general knowledge of the proper motions of all the stars of 

the Ist, 2d, and 3d magnitudes has been obtained, the present cal- 

culation can be repeated by the same methods. 
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235 The result of calculations founded on facts, such as we must admit 

the proper motions of the stars to be, should give us useful infor- 

mation, to satisfy the inquisitive mind or to lead us on to new dis- 

coveries. The establishment of the solar motion answers both 

these ends. Our inquiries should not terminate here. A paper on 

general Gravitation [by Dr. WILSON] with what is said here, puts. 

us within reach of a link of the chain which connects the princi- 

ples of the solar and sidereal motions with those which are the 
cause of so many orbitual ones. 

236 What has been said before of the Sun as an insulated star does not 

contradict the present idea of its making one of a very extensive 

system. 

237 The insulation refers merely to a supposed binary combination with 

some neighboring star. 

455 Observations and Remarks on the Figure, the Climate, and the Atmosphere 

of Saturn and its Ring. By WILLIAM HERSCHEL, LL. D., F. R. S. 

Read June 26, 1806. 

455-457 [Account of HERSCHEL’s observations on the figure of the ball. } 

Plate XXI, Fig. 1, represents Saturn in 1789, and Fig. 2, in 1805, 

May 5. 

458 'To discover the flattening of the figure of the ball a high magni- 

fying power (500) was necessary. A lower power will afterwards 

show it. No error could arise from the defaleation of light May 5, 

1805. 

459-464 Observations of the figure of Saturn. 

462 The flattening at the poles of Saturn is more extensive than on Jupiter. 

The curvature in high latitudes is also greater. At the equator it 

is rather less. Upon the whole the shape of the globe of Saturn is 
not such as a rotatory motion alone could have given it. 

462 1806, June 3. The shadow of the ring on the ball is broader at the 

ends than in the middle. 

463 The breadth of the ring is to the space between the ring and the bal? 

as about 5 to 4. The ring appears to be sloping towards the ball. 

463 The shadow of the ball on the ring is not parallel with the outline of 
Saturn. 

464 Observations on the periodical changes of color of the polar regions of 

Saturn. In the observations of Mars (Phil. Trans., 1784, p. 260) it 

has been shown that a periodical change takes place in the extent 

and brightness of the polar spots. I have suggested that this may 

be due [to frozen regions at the poles, varying in size as they are 

more or less exposed to the Sun. ] 

The following observations may lead to similar conclusions with re- 

spect to Saturn. 

466 The gradual change of color of the polar region during a Saturnian 

year seems to be in a great measure ascertained. This can only be 

confirmed by a long series of observations. 

466 On the atmosphere of Saturn. 

From observations we may infer the existence of a Saturnian atmos- 

phere. 

467 <A probability that the ring of Saturn has an atmosphere has been 

pointed out in a former paper. 

[Dated] Slough near Windsor, June 12, 1806. 
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1807 97 180 Experiments for investigating the Cause of the coloured concentric Rings, 

discovered by Sir IsAAc NEWwrTon, between two Object-glasses laid upon 

one another. By WiLitAM HerscHeL, LL D., F. R. S. Read Feb- 
ruary 5, 1807. 

180-181 Introduction. 

182-185 I. Of different methods to make one set of concentric rings visible. 

185-186 II. Of seeing Rings by Transmission. 

187-188 III. Of Shadows. When two or more sets of rings are to be ex- 

amined they may be distinguished by casting the shadow of a pofnted 
penknife upon one set or another. 

188-193 IV. Of two sets of Rings. 

193-194 V. Of three sets of Rings. 

195 VI. Of four sets of Rings. 

195-196 WII. Of the Size of the Rings. 

196 VIII. Of Contact. 
197 IX. Of Measuring Rings. 

197-198 X. Of the Number of Rings. 

198-199 XI. Of the Effect of Pressure on the Colour of the Rings. 

199-200 XII. Of diluting and concentrating the Colours. When the rings 

grow wider by using a lens of larger radius, they are said to be di- 

luted. 

201 XIII. Of the order of the Colours. 

201-202 XIV. Of the alternate Colour and Size of the Rings belonging to the 

primary and dependent Sets. Certain of the dependent sets ave rings 

by transmission as seen reflected at the back surface of the lower 

plate. 

202-203 XV. Of the sudden Change of the Size and Colour of the Rings in 

different Sets. This is brought about by letting the shadow of 

the knife-blade fall on one or the other set. 

204-206 XVI. Of the course of the Rays by which different Sets of Rings are 

seen. 
206-207 XVII. Why two connected Sets of Rings are of alternate Colours. 

207-208 XVIII. Of the Cause of the sudden Change of the Colours. 

208-209 XIX. Of the Place where the different Sets of Rings are to be seen. 

209-210 XX. Of the Connection between different Sets of Rings. 

211-212 XXI. To account for the Appearance of several Sets of Rings with the 

same coloured Centers. 

212-213 XXII. Of the reflecting Surfaces. 

213-214 XXIII. Of the transmitting Surfaces. 

214-218 XXIV. Of the Action of the first Surface. 

218-221 XXV. Of the Action of the second Surface. 

221-222 XXVI. Of the Action of the third Surface. 

292 XXVII. The Colour of the reflecting and transmitting Surfaces is of 

no consequence. 

222-295 XXVIII. Of the Action of the fourth Surface. 

295 XXIX. Considerations that relate to the Cause of the formation of con- 

centric Rings. 

9296 XXX. Concentric Rings cannot be formed by an alternate Reflection 

and Transmission of the Rays of Light. 

“One of the most simple methods of obtaining a set of concentric 

rings is to lay a convex lens on a plain metalline mirror; but in this 

case we can have no transmission of rays, and therefore we cannot 
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have an alternate reflection and transmission of them. If to get 
over this objection it should be said that, instead of transmission, - 

we ought to substitute absorption; since those which in glass would 

have been transmitted will be absorbed by the metal, we may ad- 

mit the elusion; it ought, however, to have been made a part of the 

hypothesis.” 

1807 97 226-228 XXXI. Alternate Fits of easy Reflection and easy Transmission, if 

they exist, do not exert themselves according to various Thicknesses 

of thin Plates of Air. One endof aplain strip of glass rested 

upon a plain metalline mirror, the other end being separated 

from the mirror by a thin piece of paper. A lens resting upon 

the strip of glass gave the primary set of rings, and the sec- 

ondary set by transmission was seen reflected in the metalline 

mirror. The rays which convey the secondary set of rings to 

the eye must have passed through the thin wedge of air; but 

they exhibited no modification, hence the conclusion. 

228-229 XXXII. Alternate Hits of easy Reflection and easy Transmission, if 

they exist, do not exert themselves according to various Thicknesses 

of thin Plates of Glass. An experiment similar to the preceding, 

but using a slip of glass with sides not quite parallel. 

230-232 XXXIII. Coloured Rings may be completely formed without the As- 

sistance of any thin or thick Plates, either of Glass or of Air. 

A perforated screen, at the center of curvature of a metal mirror, 

transmitted a beam of sunlight to the mirror. When hair-powder 

was strewn in the beam of light, coloured concentric circles were 

seen about the hole in the screen. 

232-233 XXXIV. Conclusion. The experiments of the last three articles are 

regarded as proofs that the theory of Sir Isaac NEWTON is untenable. 

1807 97 260 Observations on the Nature of the new celestial Body discovered by Dr. OL- 
BERS, and of the Comet which was expected to appear last January in its 

return from thesun. [This was comet, 1806, II.] By WILLIAM HER- 

SCHEL, LL. D., F. R. 8. Read June 4, 1807. 

260 As soon as 1 knew of the discovery of [ Vesta] I tried to discover its 

situation. 

262 Observations of Vesta. 

263 No disc has been seen even with a power of 636. 

264 Observations of the expected comet. It was searched for and found near 

the expected place by my Sister CAROLINA, Jan. 27. 

266 Out of 16 comets which I have examined 14 have been without any 

visible solid body in their centre, and two had a very ill-defined 

small central light which might perhaps be called a nucleus, but 

which did not deserve the name of a disk. 

266 Plate XVI. Configurations of Vesta and stars. 

1808 98 145 Observations of a Comet made with a view to investigate its Magnitude and 

the Nature of its Illumination. [This was comet, 1807, I.] Towhich 

is added an Account of a new TIrregularity lately perceived in the ap- 

parent Figure of the Planet Saturn. By WILLIAM HERSCHEL, LL. D., 

F. R.S. Read April 7, 1808. 

145 My observations have been directed to its physical condition only. 

146 Of the Nucleus. By the nucleus, I mean that part of the head which 

appears to be a condensed or solid body, and in which none of the 

very bright coma is included. It follows from this definition that 

when the nucleus is very small a large telescope is required to show it. 
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Observations. (By the method described in Phil. Trans., 1805, p. 53.) 
The visible disk of the comet is a real one. 
Illumination of the Nucleus. The nucleus is round and of equal bright- 

ness all over its disk. Its color is a little tinged with red. 
Magnitude of the Nucleus. It appears larger at first sight than after 

looking a long while. 

I put a number of globules of sealing wax at a known distance and 

viewed them during the day, and remembered their [apparent] 

magnitudes. The nucleus was compared with these and must have 

been larger than 2.47 and less than 2/’.77. It was less than the disk 

of Jupiter’s satellite IIT. 

Of the head of the Comet. [Definition of the head. ] 

Of the Coma of the Comet. [Definition of the coma. ] 

Of the tail of the Comet. 

One side of the tail is very well defined; the other, hazy. 

Of the Density of the Coma and Tail of the Comet. 

I took notice of many small stars covered by the Coma and tail. 

[The observations show that the interposition of the coma or tail 

between a faint star and the eye, dimmed the star. ] 

Nebulous appearance of the Comet. 

Result of the foregoing Observations : 

The real diameter of the nucleus was 538 miles. 

I computed the phases of the comet (see Fig. 1 and Fig. 2, Plate IV, 

p. 162) for two dates. Both phases appear to me sufficiently defal- 

cated to prove that the comet did not shine by reflected sun-light 

only. 

If these remarks are well founded, we are authorized to conelude 

that the body of the comet on its surface is self-luminous. Its 

light is more like starlight than moonlight. 

The tail and coma are sufiiciently dense to obstruct the free passage of 

starlight; they shine, not by reflection but by their own radiance. 

If I had met the comet in one of my sweeps as it appeared between 

Dec. 6 and Feb. 21 I should have put it down as a nebula. Per- 

haps my lists of nebulz, then, contain some comets. 

Account of a new irregularity lately perceived in the apparent Figure of 

the planet Saturn. 
I have ascribed the flattening of the polar regions to the attraction 

of thering. In pursuing my observations I perceived a new irregu- 

larity in the figure [of the ball] which I am perfectly sure had no 

existence the last time I examined the planet. 

Observations [of the flattening in high latitudes] 1807, June 16, I per- 

ceived it; it was independently drawn by my son, JOHN HERSCHEL. 

Dr. Wrtson, late of Glasgow, sent me a drawing containing the 

same features made with one of my 7-foot reflectors at Hampstead. 

Explanation of the ‘ illusion” by refraction of the light from the 

body of Saturn in the atmosphere of the ring. 

The ring has an atmosphere (see Phil. Trans., 1790, p. 7). 

Continuation of Experiments for investigating the Cause of coloured con- 

centric Rings, and other Appearances of a similar Nature. By WILLIAM 

HERSCHEL, LL. D., F. R. 8. Read March 23, 1809. 

259-260 XXXV. Cylindrical Curves produce Streaks. 

261 

S. Mis. 31 

XXXVI. Cylindrical and spherical Surfaces combined produce coloured 

elliptical Rings. 

38 
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261-262 XXXVII. Irregular Curves produce irregular Figures. 

XXXVIII. Curved Surfaces are required for producing the coloured Ap- 

pearances at present under consideration. 

263 XXXIX. Coloured Appearances cannot be produced between the plain Sur- 

faces of two parallel Pieces of Glass applied to one another. 

This conclusion is derived from the observation that colours appear 

between two such glasses only when they are pressed together with 

considerable force; but such pressure necessarily produces distortion 

of form in the glasses. 

264-265 XL. Of the Production of coloured Appearances. 

265 The colours contained in white light may be separated by reflection, 

as well as by refraction. The production of the blue bow at the 

limit of total reflection, as described by Sir IsAac NEWTON, is an 

instance of this effect. 

266-268 XLI. Particulars relating to the Newtonian prismatic blue Bow. 

A description of the phenomenon, with a calculation of its place and 

breadth in a particular case. 

268-272 XLII. Account of a prismatic red Bow. 

268 This consists of red, orange, yellow, and some green rays, the red 

colour being very predominant. To see the red bow, an observer 

should place himself in the open air, and, standing with his back 

within a few feet of some wall or building, hold the sides of an 

equilateral prism flat over his eyes, and look upwards to an altitude 

of about 30° at the heavens. 

269 Calculations relating to this bow. 

270-271 Method of projecting the bow. 

272-274 XLIII. Of a sudden Change of the Colours of the Bows. 

272 If a right-angled prism be laid down on a sheet of white paper before 
a window, and the eye be placed in the proper position for seeing 

the blue bow, we may instantly transform it into red one by cover- 

ing the side of the prism which is toward the incident light with a 

slip of pasteboard. 

273 Relative positions of red and blue bows. 

74-276 XLIV. Of Streaks and other Phenomena produced from the prismatic 

blue and red Bows. 

These may be produced by applying a surface of glass or metal to 

that surface of the prism which produces the one or the other bow. 

76-279 XLV. Explanation of various Appearances relating to prismatic Bows. 

280-281 XLVI. The first Surface of a Prism is not concerned in the Formation 

of the blue Bow, nor of the Streaks that are produced by a plain 

Glass applied to the efficient Surface. 

981-284 XLVII. The Streaks which may be seen in the blue Bow contain the 

colours of both the Parts of the prismatic Spectrum, by the critical 

separation of which the Bow is formed. 

282 List of colours observed in streaks. 

284-291 XLVIII. On the Formation of Streaks. 

This is an effort to determine by calculation some of the features of 

the phenomenon under the supposition that the streaks are pro- 

duced by areflection, at the surface of the glass plate, of the light 

transmitted by the prism near the critical angle. 
291-292 XLIX. Prismatic Bows, when seen at a Distance, are straight Lines. 

292-994 L. Thecolours of the Bow-streaks owe their Production to the Principle 

of the critical Separation of the different Parts of the prismatic Spectrum. 
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294-298 LI. A Lensmay be looked upon as a Prism bent round in acircular Form. 

299-302 LI. The critical separation of the Colours, which takes place at cer- 

tain Angles of Incidence, is the primary cause of the Newtonian col- 

oured Rings between Object-glasses. 

300-301 A comparison of the similarities presented by the phenomena of 

the rings and those of the bows, modified by a reflecting plate in 

contact with the effective surface of the prism. 

302 LILI. Remarks relating to the Newtonian alternate Fits of easy Reflection 

and easy Transmission. 

[Dated] Slough, near Windsor, December 9, 1808. 
Plates XII, XIII, XIV. 

149 Supplement to the First and Second Part of the Paper of Experiments for 

Investigating the Cause of Coloured Concentric Rings between Object- 

glasses, and other appearances of a similar nature. By WILLIAM 

HERSCHEL, LL. D., IF’. R. 8. Read March 15, 1810. 

149-150 <A statement of the objeet of this supplement, and a discussion of 

the distinctions between the red and blue bows. 

151-153 LIV. Supplemenial Considerations, which prove that there are two 

primary prismatic Bows, a blue one and a red one. 

154-157 LV. Illustration of the Dependence of the Streaks of both Bows upon 

the critical Separation. 

157-159 LVI. Illustration of the dependence of Rings, seen in a Prism, upon 

the critical Separation. 

159-161 LVII. Remarks on Colours supposed to be produced by thin Plates 

or Wetlges of Air. 

A repetition of the experiment of the 39th Article slightly modified. 

Two slips of plain glass touching at one end were separated at the 

other by a single fibre of silk. It is concluded that the phenome- 

non of coloured streaks seen near the line of contact is so well 

accounted for by the 35th Article that it would not be philosophi- 

cal to ascribe them to plain surfaces. 

161-163 LVIII. Illustrating Remarks on the Intention of the 14th Figure, ex- 

plained in the 48th Article of my Paper. 

164-166 LIX. Experiments on the multiplying Power of Surfaces, in contact, 

which modify the form of prismatic Appearances. 

166-168 LX. Of the breadth of the Streaks compared to that of the Bows, and 

the cause why they must take up a broader space than the Bows from 

which they are derived. 

169-177 LXI. Of the Manner in which Rays that are Separated by critical re- 

flection or Intromission come to the Eye. 

Plates V, VI. 

269 Astronomical Observations relating to the Construction of the Heavens, 

arranged for the purpose of a critical examination, the result of which ap- 

pears to throw some new light on the Organization of the Celestial bodies. 

By Witu1aM HerscueL, LL. D., F. R. 8. Read June 20, 1811. 

332 ‘Synopsis of the Contents of this Paper.” 

[The following analysis is by HERSCHEL himself and has served as a 

model to us. | 

2972 Diffused nebulosity exists in great abundance. 

275 Observations of more than one hundred and fifty square degrees of it. 

277. Its abundance exceeds all imagination. 

Nebulous matter consists of substances that give out light, which may 

have many other properties. 
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1811 101 278-281 Nebulous diffusions contain both milky nebulosity, and such as 

from its faint appearance may be mistaken for resolvable. 

278-279 The range of its visibility is confined to very moderate limits. 

280 

282 

286 

290 

292 

The purpose for which such great abundance of nebulosity may ex- 

ist deserves investigation. 

Either greater depth or greater compression of the nebulous matter 

may occasion greater brightness. 

Condensation will best account for greater brightness. 
The condensation of the nebulous matter ascribed to gravitation. 

When a nebula has more than one preponderating seat of attracting 

matter, it will probably in time be divided. 

This conception is supported by the appearance of double nebule. 

Their double appearance can be no deception. 

Their nebulosity is derived from one common stock. 

This opinion is supported by the remarkable situation of nebula. 

Which may be seen in Mr. BODE’s Atlas Calestis. 

993-296 The real form of the nebulous matter of which nebule are com- 

posed may be inferred from their figure. 

The form of the nebulous matter of round nebule is globular. 

This form is caused by gravitation. 

The central brightness of nebuli points out the seat of attraction. 

The effect of attraction on the form of the nebulous matter depends 

on its original expansion, on the time of the action, and on the 

quantity of the attracting matter. 

III different stages of condensation pointed out. 

Comets may be highly condensed nebula. 

Progressive condensation takes place. 

Concentric brightness as well as globular form indicates the general 
gravitation of the nebulous matter. 

Progressive condensation may be seen in the formation of nuclei. 

309-310 Nebulous matter is probably capable of being consolidated; the 

319 

act of shining proves it to have chemical properties. 

It will stop light, and is partly opaque. 

Queries relating to the subsidence of the nebulous matter, the zodiacal 

light, and the cause of rotatory motion. 

Some part of the nebulous matter is probably elastic. 

The uniform light of nuclei, and of much condensed nebulx, proves 

that the nebulous matter is considerably opaque. 

When the nebulous matter assumes hardness, the progress of conden- 

sation will be impeded. 

Three indications of the compression of the nebulous matier. 

Planetary appearance arises from superficial lustre. 

High degree of condensation of the nebulous matter. 

A still higher degree of condensation. 

In common good telescopes planetary nebule cannot be distinguished 

from stars. 
Perhaps they may in the end be so condensed as actually to become 

stars. 

The nebulous matter in a cubical space of 10’ will admit of a con- 
densation of two trillion and 208 thousand billion times before it 

can go into the compass of a globe of the diameter of our sun. 

Planetary nebule have a rotatory motion on their axes. 
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320 

321 

330 

336 

115 

116 

116 

117 

The original eccentricity of the nebulous matter of a nebula may be 

the physical cause of the rotatory motion of celestial bodies. 

The nebulous star in Orion is fictitious. 

Two out of three nebulous stars in Orion have lost their former nebu- 
lous appearance. 

Their fictitious appearance was owing to a dispersion of their light 
in passing through nebulous matter. 

The faintest appearance of the nebulosity in Orion is perhaps not 

further from us than the stars of the third or second magnitude; 
the brightest part is therefore probably not so far. 

In thirty-seven years the nebulosity of this nebula has undergone 
great changes, and much greater since the time of HUYGHENS. 

Nebule are not permanent celestial bodies. 

Additional proof of the opacity of the nebulous matter. 

Very distant nebulosities which cannot be seen in a state of diffusion 

may become visible when condensed into separate nebule. 

Conversion of planetary into bright stellar nebule, into stars with 

burs, or stars with haziness. 

Conversion of more distant ones into faint stellar nebule, into stars 

with burs or with faint chevelure. 

When it is doubtful whether an object is a star or a nebula, it may 

be verified by an increase of magnifying power. 

When the object is very like a star it becomes difficult to ascertain 
whether it is a star or a nebula. 

When we cannot ascertain whether the doubtful object is a star or a 

nebula, of which several instances are given, the similitude is as 

great as any we can expect; for were it greater there could be no 

doubt. 

Postscript. 

[Dated] Slough, near Windsor, May 26, 1811. 
WILLIAM HERSCHEL. 

Plates IV & V; 42 figures of nebulex. 

Observations of a Comet, with remarks on the Construction of its Different 

Parts. By WILLIAM HERSCHEL, LL. D., F. R. S. Read December 

19, 1811. [This was Comet 1811, I.] 

JT have examined all the parts of the late comet with a scrutinizing 
attention by telescopes of every degree of requisite light, distinct- 

ness, and power. I have made so many observations that I shall 
only give a selection of such as were made under the most favor- 

able circumstances. 

The Planetary Body in the Head of the Comet. 

Where with the naked eye I saw a luminous appearance not unlike 

a star, with a telescope I found that this spot, which some might 

call a nucleus, was only the head of the comet. 

Within its densest part was an extremely small bright point entirely 

distinct from the surrounding glare. Its contour was certainly not 

otherwise than round, yet I could but very seldom perceive it de- 

finedly to be so. 

I examined this point with various magnifiers on a 10-feet telescope. 

With 169 it was about 1/’.39 in diameter. 

With 600 it was between 1.06 and 0.68, The sealing-wax globules 

were viewed the morning after the observation as well as the morn- 

ing before. [See Phil. Trans., 1808, p. 149. ] 
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1812 102 118 The apparent and real Magnitude of the Planetary Body. I call its ap- 

parent diameter 0.775; that is, its real diameter was about 428 

miles. 

118 The Eccentricity and Color of the planetary Body. 

The planetary body was eccentric in the head. 

119 The color was of a pale ruddy tint like that of such equally smali 

stars as are inclined to red. 

119 The Illumination of the Planetary Body. 

We may infer [from observations] that it was visible by rays emitted 

from its own body. 

119 The Head of the Comet. 

120 [Description of the head. ] 

120 The Color and Eccentricity of the Head. 

The color in every one of my telescopes was greenish or bluish green. 
121 The head was eccentric; it deviated towards the sun. 

121 The Apparent and Real Magnitudes of the Head. 

The real diameter of the head was about 127,000 miles. 

122 A Transparent and Elastic Atmosphere about the Head. 

I saw stars through it; it was thus transparent. Its elasticity may 
be inferred from its circular form. 

122 The extent of the Cometic Atmosphere. 

It was more than 507,000 miles in diameter; its real extent far ex- 

ceeds this. : 

122 The Bright Envelope of the Cometic Atmosphere. 

123 The Figure, Color, and Magnitude of the Atmosphere. 

Its shape was circular; it reached nearly half way round the head 

of the comet, and divided into two streams, one on each side of 

the head. The color had a strong yellowish cast. Its real diame- 

ter must have exceeded 643,000 miles. 

123 The Tail of the Comet. It was, Oct. 15, 234° long. 

124 The greatest real length of the Tail. 

It must have been upwards of 100,000,000 miles. 

124 The Breadth of the Tail. It was, Oct. 12, nearly 15,000,000 miles. 

125 The Curvature of the Tail. 

This was subject to variations. 

125 Tie general appearance of the Tail. 

126 The tail had two branches. [See observations.] November 9 the 

tail of the comet being near the Milky Way, the appearance of one 

compared to the other was perfectly alike. 

127 The return of the Comet to the Nebulous Appearance. 

As the comet went further from the earth I had reason to suppose 

that all the still visible phenomena of body, head, atmosphere, 

envelope, and tail would soon be reduced to the semblance of a 

common globular nebula. And this, not only from its increasing 

distance but by the actual physical changes which I observed in 

the construction of the comet. 

127 The gradual vanishing of the Planetary Body. 

128 The disappearance of the transparent part of the Atmosphere under the 

cover of the scattered light of the contracted Envelope. 

129 Uncommon Appearances in the Dissolution of the Envelope. 

One, two, and three streams seen in it at different times. 

130 Uncommon Variations in the Length of the Streams. 

131 Alterations in the Angle of the Direction of the Envelope. 
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134 

135 

136 

136 

136 

137 

137 

138 

138 

139 

139 

139 

139 

140 

The shortening of the Tail. 

Increasing Darkness between the Streams that enclose the Tail. 

Of the real construction of the Comet, and its various Parts. 

The form of the planetary body containing the solid matter of the 
comet is globular, 

The transparent cometic atmosphere is also globular. 

The envelope must have been an inverted hollow cone terminating 

at its vertex in an equally hollow cap nearly hemispherical. 

This hemispherical cap was comparatively thin. 

The construction of the envelope explained. 

The luminous matter as it arises from the envelope, of which it is a 

continuation, is thrown a little outwards and assumes the appear- 

ance of two diverging bright streams; but if the source from 

which they rise be the circular rim of a hollow hemispherical shell 

the luminous matter in its progress upwards can oniy form a hol- 

low cone. 

The feebler light of the tail between the streams is due to the thinness 

of the matter in the middle of the hollow cone through which we look. 

Of the Solar agency in the production of Cometic Phenomena. 

As a comet approaches perihelion it is [more] exposed to the action 

of the solar rays, which can produce light, heat, and chemical 

effects. Their influence on this comet has produced an expansion. 

The way these effects have been produced may be supposed to have 

been as follows: 

The matter in the head of the comet would be dilated by the action 

of the sun, chiefly in that hemisphere of the head nearest the sun; 

and, being more increased in this direction than the other, it would 

become eccentric when referred to the situation of the body of the 

comet. The head being what draws our greatest attention, the 

planetary body would appear eccentrically situated. 

The nebulous matter which, when the comet is far from perihelion, 

is probably spherical, would, near perihelion, be rarefied and rise 

to a certain level. In this situation we have had an opportunity 

of seeing the transparent atmosphere, which, but for the suspen- 

sion of the nebulous matter, we might never have discovered. 

The brilliancy and color of the envelope are proofs of the continued 

action of the sun, and if we suppose the attenuation of the lumin- 

ous matter, already very rare, to be carried on, its particles will 

gradually recede from the hemisphere exposed to the sun and 

ascend towards the region of the fixed stars. Some such operation 

must have been carried on. 

A whole hemisphere of it being exposed to the sun, it must ascend 

equally everywhere all round this and become a hollow cone. 

The luminous matter ascending in the hollow cone received no addi- 

tion to its quantity from any other source but the exposed hemi- 

sphere. 

The tail, near the end, must have been rarefied in an extreme degree. 

The vacancy occasioned by the escape of the nebulous matter was 

probably filled up, either from the opposite hemisphere or by a ro- 

tation of the comet about an axis. 

That such a process took place seems to be supported by observation. 

A rotatory motion of the comet would explain the variation in the 

lengths of the two branches of the tail. 
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102 140 Of the result of a Comet’s Perihelion Passage. 

102 

141 

141 

142 

142 

142 

143 

229 

The quality of giving out light is immensely increased by an ap- 
proach to the sun. 

The act of shining denotes a decomposition in which at least light 
(and perhaps many other elastic volatile substances) is given out. 

I look upon a perihelion passage in some degree as an act of con- 

solidation. j 

If this idea be admitted, may we not conclude that the consolidation 

of the comet of 1807, when at perihelion, had already been carried 

to a much higher degree than that of the present one, by some for- 

mer approach to our sun, or to other similar celestial bodies, such 

as we have reason to believe the fixed stars to be? 

It is probable that comets may pass around other suns than ours. 

Have we not reason to suppose that the comet of 1807 was compara- 

tively a much older comet? 

Should the idea of age be rejected, we may suppose that the comet of 

1811 since the time of some former perihelion passage may have 

acquired a quantity of ‘‘unperihelioned matter” by passing through 

extensive strata of nebulosity. 

I think it not unlikely that the matter of comets is originally nebu- 

lous. It may possibly happen that highly condensed nebule may 

be drawn towards the nearest celestial body of the nature of our 

sun, and, after their first perihelion passage round it, proceed 

towards some other similar body, and finally may come into the 

regions of our sun, where at last we perceive them as comets. 

The brilliant appearance of our comet may be ascribed either to its 

having but lately emerged from a nebulous condition, or to its 

having earried off some [foreign] nebulous matter. The first case 

will lead us to conceive how planetary bodies may begin to have 

an existence; the second how they may increase and grow up to 

maturity. 

Wm. HERSCHEL. 

[Dated] Slough, near Windsor, December 16, 1811. 

Observations of asecond Comet, with Remarks on its Construction. [Comet 

1811, I1.] By WiLLiAM HERSCHEL, LL. D., F. R.S. Read March 

12) 1812: 

I call this the second comet; the other of this year the jirst. 

The Body of the Comet. 

The nucleus was 5.2744 in diameter. 

The real diameter of its nucleus cannot be less than 2,637 miles. 

The chevelure of the Comet. 

The Tail of the Comet. Its length on January 20 must have been about 

659,000 miles. 

Remarks on the Construction of the Comet. 

When the two comets are compared they are found to be extremely 

different. 

The light of the second comet is probably reflected from the sun. 

The nucleus of the comet is surrounded by an elastic atmosphere, 

which is transparent. 

The little extent and extreme faintness of the tail might be ascribed 

to the great perihelion distance of the comet if the comparative 

view of the comets of 1807 and 1811 in my last paper «lid not prove 
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that the effect of the solar agency depends entirely upon the state 
of the nebulous matter of which the comet is composed. This 
second comet had probably but little unperihelioned matter. 

1812 102 236 If, then, the effect of the sun on comets is more or less conspicuous, 
according to the amount of unperihelioned nebulous matter which 
they contain, we may arrange these celestial bodies in a certain 
order of consolidation, from which, in the end, a considerable in- 
sight into their nature and destination may be obtained. 

236 For example, the comet of this paper is of such a construction that 
it was but little more affected by its perihelion passage than a 
planet would have been. It was in a very advanced state of con- 
solidation. 

237 That of 1807 was more affected, and, although considerably condensed, 

conveyed a great quantity of nebulous matter to the perihelion 

passage. That of 1811 contained, with little solidity, a most 
abundant portion of nebulous matter. 

1814 104 248 Astronomical Observations relating to the Sidereal part of the Heavens and 
tts Connection with the Nebulous part; arranged for the purpose of a 

critical excamination. By W1ILLIAM H@eRscuHer, LL. D.,F.R.S. Read 

February 24, 1814. 

In the memoir on the nebulous part of the heavens [ Phil. Trans. 

1811] I have endeavored to show the probability of a very gradua’ 

conversion of the nebulous matter into the sidereal appearance. 

This paper refers to the sidereal part of the heavens. 

249 I. Of stars in remarkable situations in regard to Nebule. 

Surmise that nebulze may have considerable proper motions. Neces- 

sity of caution in such conclusions, Five stars in such situations. 

250 II. Of two stars with nebulosity between them. 

19 instances of such connection are given; in the memoir of 1811, 135 

double nebulz joined by nebulosity were noted. 

251 Should we not surmise that possibly these stars had formerly been 

highly condensed nebulx like those that had been mentioned, and 

were now by gradually increasing condensation turned into small 

stars; and may not the nebulosity still remaining show their neb- 

ulous origin? Also as we have over 700 double stars free from neb- 

ulosity, many of which are probably at no great real distance from 

us, 1t seems as if we might have these double objects in three differ- 

ent successive conditions. First, as nebule; next as stars with re- 

maining nebulosity; and lastly, as stars completely free from neb- 

ulous appearance. 

251 III. Of stars with nebulosity of various shapes attached to them. 

252 Fourteen such objects noted. , 

Now, if we admit a contact between these nebule and the stars, it 

deserves to be remarked that stars in the situation of these four- 

teen cannot have been formed from their adjoining nebulosities; 

for a gradual condensation of the nebulous matter would have been 

central; whereas the stars are at the extremity of the nebule. 

Their connection is then due to some motion either of the star or of 

the nebule. If the nebulosity should subside into the star, it 

would give an idea of the growth of a star. 

253 IV. Of stars with nebulous branches. 

Three cases noted of a connection between stars and nebulz, and ref- 

erence made to Phil. Trans., 1811, pp. 301-311, for further examples. 
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1814 104 254 The idea of a nebula with a nucleus which gradually assumed the 
lustre of a star is more probable than the fortuitous central meet- 

ing of a star and nebula. 

V. Of nebulous stars. 

Thirteen are noted—see also Phil. Trans., 1791, p. 71. 

255 Nebulous stars are not only connected with a nebulosity, which, from 

its great regularity, might be taken for an atmosphere, but also 

with the luminous appearances belonging to the nebulous matter 

which is so widely expanded in various regions of the heavens. 

What has been said of the gradual condensation of the nebulous 

matter in the case of extended nebulex, is supported by a much 

greater number of nebulosities inaspherical form. [See Phil. Trans., 

1811, pp. 391-8.] 322 cases are there mentioned, in which the fact 

of the gradual condensation is rendered so evident as not to admit 

of a doubt. 

256 Nebulous stars only differ from round nebule containing a nucleus 

in the degree of condensation. 

256 WI. Of Stars connected with extensive windings of nebulosity. 

Three cases noted. The nebulosity which has been shown to be con- 

nected with stars, may be fully proved to be of the same nature as the 

general mass of nebulous matter. 

Stars of this class are in a condition of growth. 

257 Possibility that stars were originally formed by a condensation of the 

nebulous matter. 

We may conceive both the generation and growth of stars to be the 

legitimate effects of the law of gravitation, to which the nebulous 

matter is proved by observation to be subject. 

VII. Of small patches consisting of Stars mixed with nebulosity. 

Thirty-seven cases noted. 

The connection may be only apparent—admitting it to be real: 

1st, it may happen that the nebulosity still mixed with the stars is 

some remaining unsubsided part of that from which they were 

formed; or, 2d, the union of stars and nebulosity may have been 

affected by the motion of either the stars or the nebulosity. 

258 Such motions do take place. Nebulex are subject to great changes in 

their appearance, as the nebula of Orion. [Phil. Trans., 1811, p. 

320. ] 
259 Every nebulosity which is carried into the region of a small patch of 

stars will probably be gradually arrested and absorbed by them, 

and the growth of stars thus continued. 

VIII. Of objects of an ambiguous construction. 

Clusters of stars at a great distance may assume a nebulous appear- 

ance. [Phil. Trans., 1811, p. 270.] 
Telescopes of gradually increasing space-penetrating powers show 

certain objects successively as nebulw, mixtures of nebulosity and 

stars, and as true clusters; other objects, so viewed, increase in 

brightness, and the nebulosity becomes more uniformly united and 

of a milky appearance, and these are purely nebulous. 

260 Definition of ambiguous objects, their classification and exampies. 

Seventy-one such noted in four classes. 

Class 1. Seven objects, which may be supposed to consist of stars, but 

where observations leave it doubtful. 
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Class 2. Twenty-six objects of round or nearly round figure. The 

round figure of these show them to be globular. They must either 

be in a condensed state purely nebulous, or else, if consisting of 

stars, they mvst be in an advanced order of compression, and only 

appear nebulous on account of their very great distance from us. 

A middle state between the progressive condensation of a globular 

nebula and a cluster of stars can have no existence, because a glob- 

ular nebulosity when condensed can only produce a single star. A 

globular cluster may, however, intercept a mass of nebulous matter 

in motion, in which case the nebulosity must soon assume the form 

of the cluster, and will finally be absorbed by it. 

Class 3. Twenty-six easily resolvable objects. 

Class 4. Twelve objects, probably clusters. 

IX. Of the sidereal part of the Heavens. 

Intimate connection between the nebulous and sidereal condition. 

Stars of first magnitude. [See Phil. Trans., 1785, p. 68.] 

Prismatic analysis of the light of Sirius, a Orionis, Procyon, Arcturus, 

Aldebaran and a Lyre. 

X. Of the aggregation of stars. 
Star-gauges prove that the stars are not equally distributed over the 

celestial regions. [See Phil. Trans., 1785. ] 

Forming clusters. This tendency to clustering is chiefly visible in 

places extremely rich in stars. Its greatest effects will then be in 

and near the milky way. 

The twenty objects referred to are not given as instances of the actual 

formation of clusters, but merely to draw attention to a seemingly 

aggregating arrangement. Fifteen of these are in the milky way 

and five are near it. 

XI. Of irregular clusters. 

Clusters in very rich parts of the heavens are generally of irregular 

form and imperfectly collected. One hundred and twelve such ob- 

jects are referred to; eighty of size not noted, fifty-three of these in 

the milky way, eighteen near it, nine at a distance from it. Also 

thirty-two irregular clusters from 2’ to 30! in diameter; of these 

twenty-two are in the milky way and ten near it. 

The great number of clusters in these two collections is not only an 

indication that they owe their origin to a clustering power residing 

in the centre; but the still remaining irregularity of their arrange- 

ment additionally proves that the action of the clustering power 

has not been exerted long enough to produce a more artificial con- 

struction. 

XII. Of clusters variously extended and compressed. 

Fifteen extended clusters named; twelve in the milky way, three 

near it. Their descriptions show that the power which has drawn 

the stars together has acted under different circumstances in the 

several cases. 

XIII. Of clusters of stars of a peculiar description. 

Six such objects named: one in the milky way, three near it, two at 

a distance from it. 

XIV. Of differently compressed clusters of stars. 

I have hitherto only considered the arrangement of stars in clusters 

with a view to point out whether they are drawn together by a 

clustering power in the same manner as the nebulous matter has 
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been proved to be condensed by a gravitating principle; but in the 

forty-one clusters of the following two collections we shall see that 

it is one and the same power uniformly exerted which first con- 

densed nebulous matter into stars and afterwards draws them to- 

gether into clusters, and which, by a continuance of its action, 

gradually increases the compression of the stars which form the 

clusters. The first collection has thirty-three considerably com- 

pressed clusters, seventeen in the milky way, fifteen near it, and 

one at a distance. The second collection contains eight clusters, 

highly compressed, five in the milky way, two near it, and one at a 

distance. 

272 XV. Of the gradual concentration and insulation of clusters of stars. 

The existence of a clustering power is nowhere so visibly pointed out 

as in the thirty-nine clusters given in the following collection: 

Twenty-one of these are in the milky way, seven near it, and eleven 
at a distance. : 

273 XVI. Of globular clusters of stars. 

Fourteen such objects noted: One in the milky way, four near it, and 

nine at a distance from it. 

274-7 [Detailed accounts from observing books of M. 72; M.2; M.5; M. 
56; M. 80; M. 13; M. 3; M. 15; M. 79; M. 19; M. 53.] 

278 XVII. Of more distant globular clusters of stars. 
The following eleven objects are so like those of the foregoing col- 

lection that I have called them miniatures of the former. Five of 

these are in the milky way, one near it, and five at a distance. De- 

tailed descriptions given. 

279 Jhave supposed the clusters of this class to be at a greater distance 

from us than those of the preceding collection, because the stars of 

which they are composed are more minute than those of the clusters 

of which I have called them miniatures; their compression is also 

closer, and the size of the whole is much contracted, all of which 

particulars are readily explained by admitting them to be more dis- 

tant. This argument, however, does not extend so far as to exclude 

a real difference which there may be in different clusters, not only 

in the size, but also in the number and arrangement of the stars. 
XVIII. Of still more distant globular clusters of stars. 

280 It has frequently happened that I saw three objects in succession, the 

first of which was a brilliant globular cluster of stars, the second 

a miniature of the former in which the stars could just be perceived, 

and the third in every respect a similar miniature of the second, as 

the second was of the first, but in which the stars, though suspected, 

were no longer to be distinguished. Five such objects given, all in 
the milky way. 

XIX. Of a recurrence of the ambiguous limit of observation. 

281 It has already been shown [ VIII, p. 259] that in passing from faint 

nebulosity to the suspected sidereal condition we cannot avoid meet- 

ing with ambiguous objects, and the same critical situation will 

again occur, when, from the distinctly sidereal appearance, we en- 

deavor to penetrate gradually further into space. 

The effects of clustering power have been gradually traced from the 

first indication of clustering stars through irregular as well as 

through more artificially arranged clusters up to the beautiful 

globular form. 
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The extended views I have taken in this and in my former papers of 

the various parts that enter into the construction of the heavens 

have prepared the way for a final investigation of the universal 

arrangement of all these celestial bodies in space. The scale is still 

wanting by which distances are to be measured. 

XX. Of the breaking up of the Milky Way. 

Its whitish tinge has been proved by star-gauges to arise from ac- 

cumulated stars. It does not now consist of equally scattered stars. 

One hundred and fifty-seven instances have been given of clusters 

situated within the milky way. Sixty-eight more are in the bor- 

ders. Now, since the stars of the milky way are permanently ex- 

posed to the action of a power whereby they are irresistibly 

drawn into groups, we may be certain that from mere clustering 

stars they will be gradually compressed through successive stages 

of accumulation till they come up to what may be called the ripen- 

ing period of the globular form, and total insulation; from which 

it is evident that the milky way must be finally broken up and 

cease to be a stratum of scattered stars. 

The state into which the incessant action of the clustering power has 

brought it at present is a kind of chronometer that may be used to 

measure the time of its past and future existence; and although we 

do not know the rate of going of this mysterious chronometer, it is 

nevertheless certain that since the breaking up of the milky way 

affords a proof that it cannot last forever, it equally bears witness 

that its past duration cannot be admitted to be infinite. 

This paper is accompanied by Plate IX, p. 284, with 17 figures. 
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A series of observations of the satellites of the Georgian planet, including 

a passage through the node of their orbits ; with an introductory account 

of the telescopic apparatus that has been used on this occasion; and a 

final exposition of some calculated particulars deduced from the observa- 

tions. By WiLi1AM HerscuHet, LL. D., F. R. S. Read June 8, 1815. 

A telescope suitable to examine these faint objects must possess the 

double power of magnifying and penetrating into space. 

The effective magnifying power defined. 

A 10-foot reflector, even with its highest powers, will not show these 

objects. 

The machinery of my 20-foot telescope is so complete that I have 

been able to take up the planet at an early hour in the evening and 

to follow it for 7, 8, or 9 hours successively. The 40-foot telescope 

has not been always used because time is required for preparations. 

The temperature is often too changeable; its use requires 2 work- 

men, beside the assistant at the clock and writing-desk. 

The 20-foot can be pointed on the planet with everything adjusted 

in 10 minutes. 

It has constantly been a rule with me not to observe with a larger 

instrument when a smaller would answer. 



606 

Herschel, W.: 
A.D: Vol. P. 

1815 105 296 

297 

297 

297 

298 

299 

299 

301 

302 

303 

304 

304 

BIBLIOGRAPHY OF HERSCHEL’S WRITINGS. 

SYNOPSIS OF THE WRITINGS 0F—Continued. 

I have two mirrors for the 20-foot always ready, and my observations 

are never interrupted by accidents, which often happen to large 

mirrors, such as greatly injure their polish. 

In these delicate observations no double eye-glass should be used, as 
we have a waste of light at four surfaces instead of two. 

The hole through which the rays pass to the eye should be much 

larger than the diameter of the optic pencils and considerably 

nearer the glass than their focus, for the eye ought on no account 

to touch the eye-piece. 

With regard to the eye-glasses when merely the object of saving 

light is considered, I can say from experience that concaves have 

greatly the advantages of convexes, and they give also a much 

more distinct image. This fact I established by repeated experi 

ments about 1776. For the cause of the superior brightness ana 

sharpness of the image which is given by concaves we must prob- 

ably look to the circumstance of their not permitting the reflected 

rays to come to a focus. Perhaps a certain mechanical effect, in- 

jurious to distinctness, takes place at the focal crossing of rays in 

convex lenses. 

[Foot-note.] [An experiment to test this described. It was incon- 

clusive. j 

The satellites were discovered with a magnifying power of 157 

only. 

Magnifiers of 300, 460, 600, and 800 have been used, according to the 

conditions of the mirror, atmosphere, ete. On particular occasions 

1,200 was used, and 2,400, 3,600, and 7,200 have been used to seruti- 

nize the closest neighborhood of the planet. The known satellites 

began to be nebulous with these powers. 

In the following observations the positions of the satellites have been 

determined in 3 ways: Coarse estimations, aided by diagrams; 

more careful ones, aided by a wire in the focus of the eye-glass; 

and micrometer measures. 

Distances were more difficult to measure than angles of position. 

The following observations are given in the order of the time they 

were made. They contain everything that relates to the two 

large satellites and to the researches for detecting additional satel- 

lites. 

That such there are I have no doubt. 

After each observation is given an ‘‘identification” which shows by 

computation the places of the known satellites. 

The configurations made at the time of observation are not given. 

They generally contained the planet, its satellites and some of the 

neighboring stars, especially those that were in the path of the 

planet. 

Observations of the satellites of the Georgian planet, accompanied by a the- 

oretical determination of their situation, whereby their identity may be 

ascertained. [From 1787, Jan. 11, to 1810, May 25. ] 

[ Foot-note.] Telescopic vision in windy weather is generally very per- 

fect. 

Investigation of several particulars deduced from the foregoing observations, 

with an exposition of the method by which they have been obtained. 

The place of the ascending node, the inclination of the orbits ard the retro- 

grade motions of the satellites determined. 
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Consideration of the principles by which the periodical revolution of the 

satellites may be obtained from the observed angles of position. 

The periodical revolutions of the satellites determined. 

The first satellite [ Titania] makes a synodical revolution in 8¢ 165 56™ 

5.28 and the second [ Oberon] in 134 11» 8™ 59s, 

Explanation of the identifying method. 

I. With the light of my 20-foot telescope the first satellite generally 

becomes invisible at a distance of [18] from the planet; and 

II. The second at about [24’]. 

III. An interior satellite cannot be seen two nights in succession. 

IV. Exterior satellites that are very faint when at their greatest 

elongation can hardly ever be seen at any other time when the 

orbits are contracted. 
V. [Titania] is probably larger than [ Oberon }. 

VI. Both are subject to great variations of light [not owing to the 

changeable clearness of the air]. 
VII. This may be due to a rotation on their axes, or from atmos- 

pheres. 
VIII. I have supposed the distances of the first and second satellites 

to be 36” and 48” respectively. 

IX. The existence of additional satellites has been considered already 

in Phil. Trans., 1798, p. 59. 

An interior satellite. 

Addition [in regard to an interior satellite]. 

An intermediate satellite. An exterior satellite; and Addition. 

More distant satellites; and Addition. 

Plate XVI, diagram. 

Astronomical Observations and Experiments tending to investigate the local 

Arrangement of the Celestial Bodies in Space and to determine the Extent 

and Condition of the Milky Way. By Sir W1ti1aM HERSCHEL, Knt. 

Guelp., LL. D., F. R. 8S. Read June 19, 1817. 

The construction of the heavens can only be known when we have 

the situation of each body defined by its three dimensions. of 

these three the ordinary catalogues give but two, leaving the dis- 

tance or profundity undetermined. 

The method of parallaxes has given the distance of the sun, planets, 

ete. The parallax of the stars has also received attention. With 

regard to more distant objects, as small stars, compressed clusters, 

and nebula, these methods can give us no assistance. 

I. Of the local situation of the stars of the Heavens. 

It is evident that we cannot mean to affirm that the stars of the fifth, 

sixth, and seventh magnitudes are really smaller than those of the 

first, second, or third, and that we must ascribe the cause of the 

difference in the apparent magnitudes of the stars to a difference in 

their relative distances from us. On account of the great number 

of stars in each class we must also allow that the stars of each suc- 

ceeding magnitude beginning with the first, are, one with another, 

further from us than those of the magnitude immediately preceding. 

The relative magnitudes give only relative distances, and can afford 

no information as to the real distances at which the stars are placed. 

Il. Of a standard by which the relative arrangement of the stars may be 

examined. 

A standard of reference for the arrangement of the stars may be had 
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by comparing their distribution to a certain properly modified 

equality of scattering. The equality which I propose does not re-) 

1817 107 305 quire that the stars should be at equal distances from each other, 
nor is it necessary that all those of the same nominal magnitude 
should be equally distant from us. 

305 It consists in allotting a certain equal portion of space to every star, 

in consequence of which we may calculate how many stars any 

given extent of space may contain. 

This arrangement is explained by means of a figure. Plate XV, 

Rigel 

306 III. Comparison of the order of magnitudes with the order of distances. 

Comparison of the order of distances by the foregoing scheme with 

the magnitudes assigned in Bopn’s catalogue of 14,144 stars. 

308 The result of this comparison is, that if the order of magnitudes 

could indicate the distance of the stars, it would denote at first a 

gradual, and afterwards a very abrupt, condensation of them; but 

that, considering the principle on which the stars are classed, their 

arrangement into magnitudes can only apply to certain relative 

distances, and show that, taking the stars of each class, one with 

another, those of the succeeding magnitudes are farther from us 
than the stars of the preceding order. 

308 IV. Of a criterion for ascertaining the profundity or local situation of 
celestial objects in space. 

309 It will be admitted that those stars, the light of which we can ex- 

perimentally prove to be 4, 4, qs------ of the light of any certain 

star of the first magnitude must be 2, 3, 4.----. times as far from 

us as the standard star, provided the condition of the stars should 

come up to the supposed mean state of diameter and lustre of the 

standard star. 

309 V. Of the equalization of star light. 

309 Star gauging gave rise to an investigation of the space-penetrating 
power of telescopes. 

310 Finding that this might be calculated with reference to the extent of 
the same power of which the unassisted eye was capable, there 

always remained a desideratum of some sure method by which this 

last might be ascertained. 

Description of experimental apparatus. 

311 Method of limiting apertures described. 

313 VI. Of the extent of natural vision. 

313-8 Experiments on stars made in August and December, 1803, and 
February, 1814. 

314 Arcturus has four times the light of a Andromeda, Polaris, y Ursa, 

and 6 Cassiopeew. ca Andromeda is four times as bright as 4 Pegasi, 

etc., etc. 

316 Table of proportional light of stars of various orders. 

318 The distances of clusters cannot be ascertained by the method of 
equalizing star light. 

VII. Of the extent of telescopic vision. 

319 Experiments which go to show that the diameter of the pupil of the 

human eye is not more than 0,21 inch, and is greater than 0.17 inch 
when observing with a telescope. It may be assumed 0.2 inch. 

320 VIII. Application of the extent of natural and telescopic vision to the 

probable arrangement of the celestial bodies in space. 
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We shall be able to say that a distant celestial object is so far from 

us, provided the stars of which it is composed are,of a size and 

lustre equal to the size and lustre of such stars as Sirius, Arcturus, 

ete. 

321 The stars of the tenth, eleventh, and twelfth order of distances are 1817 107 

1818 108 

S. 

not only more compressed than those in the neighborhood of the 

sun, but, moreover, their compression in different parts of the 

heavens must be very unequal. 

IX. Of the construction and extent of the milky way. 

322 General description of it. 

The sun is within its plane, for to an observer in latitude 60°, when 

at 100° R. A. the milky way is in the east, it will at the same time 

be in the west at 280°; while in its meridional situation it will pass 

through Cassiopeia in the Zenith and through the constellation of . 

the Cross in the Nadir. 

323-4 Examination of the cluster in the Sword Handle of Perseus, with 

various space-penetrating powers. 

325 [Beside the 863 gauges published in Phil. Trans., 1785, p. 221, above 

400 more have been taken in various parts of the heavens and are 

not published. ] 

326 The twenty-foot telescope cannot fathom the profundity of the milky 

way. 

326 If the stars of the 5th, 6th, and 7th magnitudes cannot be supposed 
to be gradually of a smaller physical size and brightness than those 

of the 1st, 2d, and 3d, how much less can a supposition be admitted 

“that would require that the stars which, by a long series of gauging 

powers, have been proved to make their gradual telescopic appear- 

ance should also be gradually of a different construction with re- 

gard to physical size and brightness from those which we see with 

the naked eye? 

397 The telescopic breadth of the milky way considerably exceeds the 

extent which, in our maps, is assigned to it. 

398-30 Observations—sweeps—which confirm this. 

330 X. Concluding Remarks. 

What has been said of the extent and condition of the milky way in 

my papers on the construction of the heavens, with the addition of 

‘ this attempt to give a more correct idea of its profundity.in space, 

will contain nearly all the general knowledge we can ever have of 

this magnificent collection of stars. 

331 Our sun with all the stars we can see with the eye are deeply im- 

mersed in the mulky way, and form a component part of it. 

WILLIAM HERSCHEL. 

[ Dated] Slough, near Windsor, May 10, 1817. 

429 Astronomical observations and experiments, selected for the purpose of as- 

certaining the relative distances of clusters of stars, and of investigating 

how far the power of our telescopes may be expected to reach into space 

when directed to ambiguous celestial objects. By Sir WiLLt1AM HER- 

SCHEL, Knt. Guelp., LL. D., F. R. S. Read June 11, 1818. 

429 The method of equalization of star light will show the relative dis- 

tances of stars; from this a method was explained in Phil. Trans., 

1817, by which means the profundity in space of every object con- 

sisting of stars can be ascertained as far as the light of the telescope 

Mis.. 31 39 
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suffices. This method may be used to ascertain the profundity of 

globular and other clusters. 

I. Of the distance of globular and other clusters of stars. 

General principles to guide in such observations. 

II. A series of observations of clusters of stars from which the order of 

their profundity in space is determined. 

431-51 Observations of H. vi, 7, 9, 10, 11, 12, 17, 20, 26, 35, 38, 41, 63, and 

470 

460 

462 

463 

463 
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465 

466 

466 

of M..1, 2, 3, 4, 5, 9, 10; 11, 12, 13, 14, 15, 19, 22,30, 33, 34, 35, 53; 55, 
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III. Of a method to represent the profundity of celestial objects in space by 

a diagram. 

Fig. 1, Plate xxi, represents such a method applied to the foregoing 

objects. 

IV. Of ambiguous celestial objects. 

An object is often ambiguous when viewed with insufficient optical 

means, and its nature may be known by increasing this means. 

Objects ambiguous to the naked eye become known with the 20-foot 

telescope, and so on. 

V. The milky way, at the profundity beyond which the gauging powers of 

our instruments cannot reach, is not an ambiguous object. 

We may conclude that when our gauges will no longer resolve the 

milky way into stars it is not because it is ambiguous, but because 

it is fathomless. 

VI. Of the assumed semblance of clusters of stars when seen through tel- 

escopes that have not light and power sufficient to show their nature and 

construction. 

Observations of various clusters in telescopes of various sizes. 

Two different principles, the nebulous and the sidereal, have been ob- 

served in the celestial spaces. 

Distinguishing characteristics of each. 

It seems highly probable that some of the cometic, many of the 

planetary, and a considerable number of the stellar nebule, are 

clusters of stars in disguise. 

VII. Of the extent of the power of our telescopes to reach into space when 

they are directed to ambiguous celestial objects. 

The method of equalizing the light of stars may be applied so as to 

give an estimate of the extent of this power. 

When the united light of a cluster of stars is visible to the [naked] 
eye, there will be a certain maximum of distance to which the 

same cluster might be removed, so as still to remain visible in a 

telescope of a given space-penetrating power; and if the distance 

of the cluster can be ascertained by the gauging power of any in- 

strument, that will just show the stars of it, the order of the pro- 

fundity at which this cluster could still be seen as an ambiguous 

object may be ascertained by the space-penetrating power of the 

telescope through which it is observed. 

467-70 Examples of this method. 

470 Plate XXTI. 

WILLIAM HERSCHYL. 

[Dated] Slough, near Windsor. 
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Brightness intrinsic and aggregate brightness defined -.......---...--- 1800 52 

BEIM EMESSTO fe aEeSbalys COL CMe seal seicise asses ciel esicinisieisielsietecisiae selec 12800 57 

(QUNSSINMS, | Go5566 cboS60 SSeGECHSEOOD HOOGSS copsEs oScSdsoscong BoDaDeeE oH6SC 1792 9 

§ Soc Sts GebU ee Ieee UI ae erise Hoopes eben neecn ereree onan coacomeann 1792 14 
Sent RE Seay tia iain: Selec aieisioe) wie cid evar ioe ayeeelias sas Seas Sse eel eeenls ses 1793 201 

Jocese code © GUS bSn BeONOQO seb bOD ESOSCOU SDoS0d dnodooss 66e569005006 1795 47 

Catalogue Gat Txomlaikey SiR) CoooSH oad5b8 sbobnS coos coSb obo epsebsoasostce 1782 +112 

top St HOO EEO BHEGE Goaken Satmb Ao aodd abecoUuneSenodton Sago cae meEuT 1785 40 

acelonue of 1,000 new. Nebule and Clusters --.--.----.-.-----. ---.---- 1786 457 

Catalogue of a second thousand of Nebulw and Clusters ......-.--------- 1789 212 
Catalogue of 500 new nebule, etc... ...-2. 2-2 -----<\s-2s--------------- 1802" 477 
Catalogues of the Comparative Brightness of the Stars: first. .-.-.----- 1796-166 

8 SECON] ooode coeadode coonna ease ange sseh bcas souecousés enn cece 1796 = 459 

{HinbeOls S566 ood doaano aauabo se5S 500000 ndocedacsSeasg6cces DoccoC 1797 ©6293 

WIEN osGaocoo sees Beobee SaqgcegDoecuD doo doo neneco sscoessasDsods 1799) 121 

Central forces: other than gravity..-----.----. ---- Sage ipcobdaprepepuor 1789 220 

eres -MODSCEVAULONS) <= ac6 = 2-1-2 2 0 einen = ie ein = em a= nininlnisinis iam 1802 9213 

sits diameter, 18| 162 miles) << ooo ee eee Soe nie me = we lemnn 1802 218 

G Tih IMAG th GbR Os Sos sooo Sass s4an coopss cabo osdas son dos6 coooSEoc 1802 221 

« 100 

Classes of double stars: defined -.-.----------------------------------- 17394 to 

103 

Classes of nebule: defined ....-.------ --------- ------- +22 22+ <2 22 = 2° 1786 466 

Clocks: (used by HERSCHEL) .--.---------------+----+- sree sre rer cero 1781 121 

Winsterss Getinitionse =... 1222252 <= e222 ose 2 ei =e ee 1789 214 

: are composed of stars of equal magnitude...--- SS58 Se0c ses ca08 1789 216 

— : are subject to central powers - ------------------------+--++---- 1789 ze 

——— : are ancient in proportion as their spherical form is completed .. 1789} ie 

——;: thew evolution.......-..-----------+-------222 2222220 res cree 1814 9.265 
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Olusters:*theinsrelative: distances eeeceee ose eee eee ee eee 

Clusters of stars: see Catalogue of, ete. 

Clustering power: its analogy with the gravitating principle in nebule- 

Comajot ‘axcometedetimition===.--eesees= eee eee eieeee 2 oe ome aes 

Comet? "17865 Dh] observedee. 22 85a. se ee ete eee eee eee 

Gh i fete Rel Ul ee ee ores mee ERO ero MBean Cosa saeae sean 

Comets) PU /92 seen eis ee cae tice aioe ee SS cee cee elmer eat Serene eee 

2 [E796 eT) sscce2 Secs ek eee a cisiare aia Mislaaaiay ee mene reteset ae eee 

==? (1806; Dit 222 coc aitee se 22 Sug gee bee ee eee seer eeeeeeeees 

MBO TS ee secteee cen e cece Chee eee cee neonoe emer aera es 

="? PMSlls Wiles =. oo see ences state actos oar cee eee eae areas 

| ——— twas self-luminous...55-2,5..25 sa secen te eo ane neme eee 

——— ——: it was transparent and elastic -.....-..----..--...-..----- 

——— ——: its tail compared with the muillcyew Whi casa cee yan cee 

—— =; its real construction --=.-- ...s6t Soc sso eee ces sees ees sdeee 

PALVSLL MW) oon secures Gscnes ose ccee eee eee se a eee eietee 

Cometjot Ve0fandetsilsthemmel abivieya oe sees ae ee eee 

Comeisthe sunisietiectiion, Ghemlysses sare se eis ae 

Rthermeiehibesmetlecbedes calli cch ity a eee eee 

a CL OMMOM  e cre creme eral sree e Se Sine aay cw ence pe ae eiwiee eile eee eee es 

——: eaeainne of Nucleus, Head, Coma, ait ik yah (ora nis auarit ee eee siete 

——-— May eCOMe AStELOldS).o- - ose oes See a ee ee ene 

——: may restore to the sun the light it loses by emission .-..-------- 

——: out of 16 comets, 14 had no nucleus..-.-....---.----.----...--.. 

——: that of 1807, I, did not shine by reflected sunlight only... ...---. 

——: the sun’s influence on their phenomena.----.-.---.-_.---------- 

: the tail and coma of 1807, I, obstructed the light of stars--.-.--- 

Construciioniofsche heaviensSees-eo-eeeee eee een eee ee ee ee eee 

ELIT 
Diameters of the Sfars: see Stars. 

DNONEe ECODSELVablONS aes. sasee Se osee ee Seen ae eee eee eee paca 

Diurnalimotion) of the earth: 7seeyHarthyesss--— ss aese eee eee eee eeeeeee 

DOLEAND (J...) so25: Hise seal eee een eee Oe eee See 

Doublewunebullees so. ss shoe we ee ee ee op asisiae shoes eee ee eens 

Double'star observations: effect of practice .----...2--.-----2-+ sees oes 

Double stars: account of changes that have happened in their relative 

situation, and of the cause of these changes..-.--.--.--- 
——— ——: change their relative situation as proved by observation - -- 

—— ——: changes that have happened in their relative situation. ---- 

——:-see Stars. 

Drawings of Mars, Jupiter, etc.: see Mars, Jupiter, ete. 

Barth: 1sits: diurnalamotiontequable?=s.-25 24-244 aeH eee eee eee 

Finceladus: discovered17/89> AupusteSaeeces oe eee peeee oe eee eee 

1818 429 

1814 | 271 
1808 151 
L787. aed 
1789 151 
1792 283 
1796 133 
1807 260 
1808 145 
1812 115 
1812 119 
1812 122 
1812 126 
1812 133 
1812 226 
1812 141 
1812 236 
1812 234 
1802 xz 
1808 146 
1802 230 
1795 «60 
1807 266 
1808 156 
1812 136 
1808 157 
1784 237 
1785 213 
1789 212 
17 Olea 
1795 46 
1802 477 
1811 269 
1814 248 
1817 302 
1818 429 

1790 450 
1781 115 
1780 518 
1811 285 
1803 346 

1803 339 
1802 486 
1804 353 

1781-115 
1789 255 
1790 10 
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JER ORMGBTS OOTS SIO a aects ca ISR OOCO CCS GEAR OFE CELE Geceeees ccsouese lie UGE 

Brattain HLAMSTERD’S catalogue... .-.--+ 5-s- «ssc. --sn0- esecee eee aoe 1796 212 

Brror inestimating the centre of a circle..............-.---..--.------- 1781 135 

Errors: in determining rotation of planets ....................---.----- 1781-134-5 

: in determining parallax of stars considered ...-.....--..-- jeeog ils 86 

——: of the Lamp Micrometer 2°-3° and 0’.1 from three measures .... 1782 112. 

———: of the measures of double stars ...:-. :.-.2. 20-2. ----2- ooh - eee 1782 112 

——: in the positions given by the sweeps ........-.-........-------- 1786 464 

: Of HERSCHEL’S double star measures..........-.....--.-------- 1803 347 

Ether: see Resisting Medium. 

DS VOIMRONE OCS aha eooaeconcedoesaudoo co becsense seooeesoee eens Ife) Gar 

Eye: causes of increased sensibility ....- -- Bette e eee COO 53 

ml OLMNapuTalevigiONss.mchee en caste cone eee eee 1800 58,59 

IOS Oren Abra VAISl OM as e(-eea= sees cisieleslociciee cise asiecacies en LOl mmoles 

OXLeULOLlOLOSCODIC VISION aeee eyes cme ccie = ee eee tener eee EL CLL S 

Dye-piece. 100 viewings the SUM... sss: <sc0 scesiones\scosaeesicssssce-se LOOL 361 

Piye-pleces's sinole better, thanidouble)..--jsase)-= eo ee eset nel ee ae aeey Loe 95 

MULIA HOfCONCAVO;ONCS ss ccmeclsec ioe ese ee cine eee eueiieiee sciences 1794 58 

POLE Nev AU fOOUs esis qaiccenis mace nee eis ces deiesise weber ne orci escioce 1795 409 

———: used for solar observation, described ....-....--...-... ----.sece- 1803 215 

—: single and double: their relative value..-.-..----.... Soe ee a 1815 297 

PAR IRICONORGD))) Gaeta Cen ee AO enn er Gee CEers Se SAaGRCOObOuepeSprConsecrcocr 1780 333 

iPiyoulles 3: Gms Claes Ohivslnsooon poecas cook beescH obac adeqdolhonoce conasosoac 1795 56 

ISTRGWISON 8 Gosscoccoonus boudod GOO0 Good suesas sebese coco ceesrUrcsouReSce 1780 509-12 

Fixed Stars: see Stars. 
lames: are penetrableto rays of light /22- 2. 2-22. - cee. we cine ewe conn 1800 = 50 

DILANISTEDIIIDS JoeGdacudedouomoag cess GeeoedEedo ecasoous codecs coudcess Seer 1782 = 84 
ebIS Star MAONIGUOECS w22 2s2 oe ones o> eae wee cme, v= neve) weiss ~ >= 1796 =170 

FLAMSTEED’s magnitudes: are very inconsistent ..-.--..---.------------ 1796 = 458 

FLAMSTEED’Ss observations of fixed stars: Index to them.......----.---- 1797 |= 293 

(GUNTIMEIOS acaaccencaudaocoe pEOb Se bddoss BoQSso cdes HaScna ceased Seoaco Gone 1780509-12 

Aeon a eee i7e2} 
Se ac ae Uc al aaa a a ee 88 

D Sbadde casciau sHaGec anes Sno nacoracebenduse sac doce cuouluaseecoasd™ 1795 «47 

Gauging: see Star-gauging. 

Georgium Sidus: named.......--------+---++-++ ----22 e202 e+ FEOOUOD COG 1783 1 

: see Uranus. ; 

MP OODERICKIE | 2 cle ac o-2c 2-2 cise winicics «vl9 @ -=) iainin ain w wena =e ele wie nici mene 1796-177 

Gravity : there may be other central forecs. ..---.-------+--------------- 1789 220 

TELAINEINES Beadle coue GeenOmeCU CauCOpeadoIeanD Gane Goc0 Eeacccbocr Conn Donne 1792 9 

‘ HaRDING’s asteroid: (Juno) .--. .--. ---- - 22+ cone een eee ere ene 1805 31 

Head of a Comet: definition.......----------------+ -----------+------- 1808 150 

Heat: radiant; in general........-------- +--+ +--+ e002 e222 cree tere ieee 1800 = 255 

SO are pk Ae ee WS Seas c ciley Soisle elntotelermferoie alae mtnicie minim = elaine == 1800 284 

Ni) een ay Meee eee 1800 293 
___, ee een Meine ier reget ys ee 1800 437 
cat, SR ea nee ret) Rane rnrcean re 1801 265 
Ng. tk gee 1801 354 

: (radiant) is of different refrangibility -...-------------+----+---- Ie} wil 

: (radiant) is reflected ..---- ------ 22-0 ---- 207-00 soon ne soo one 180) ol 

: (radiant) it is also refracted ..----- .----+ -----+e7- ere ere ne none 1800 308 

RIMES CHIN, (CAROLINAS = --- 0-202 «nse o-- cwsees ween sean enn tno 1792 23 
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HERSCHEL, (CAROLINAS <osic. ce ose Sore sete s Bee eee Bene ee oe 1795 396 

sae te bi dec’ suse vacetens sate coca ee cero ss see passes ee nar eee L797) 2293 

aN ass 5.5 Sad da daeicre wicls cae ce mae Se See Mle eS ee Seeman 1807 264 

HnRSCHEL OHNE esse oe ie ees “ey d Sihiagata st tak Ae eG eo 1808 160 
HERSCHEL, WILLIAM: the analysis of his paper of 1811as made byhimseif 1811 269 

HIB VELIUS 2) Sao cist 2/2 ek sete Sree tis os eee cee as See ee eee eee 1780 §=6508 

t) swiss sie Se ce ee eee le ae gers Sele ein GER Sinise ne mere ears ape eet are 1795 47 

IQ OKs 2 cS eiicie doses Seine dine eyert GIS e ne ee ee ee eee eee 1782 84 

Instruments; Quadrantiwused: 252-2. --5. a2 oe soc se aensee eae aan eee WSL aE 

3 Cameraleye-pleceue sees es aee roe S cating Shor ate oar eeieee 2552. S182 7 

: see Micrometers, Telescopes, etc. 

TTraAd ation ss ssHs wees sse sees Ss eee See ban eee eee eee ep eee 1790 479 

Japetus Observations 2 =< 2222 35sboe.c Sse ase ease ee ae ee see lec ee eee 1790 = 432 

jisoL variable brighitmess esas. ss oensooe ce se ce eceinea ese 1792 13,14 

—: rotates and revolves in the same aie’ SSeS aie toons eee ee ee 1792 14 

——: revolves on its axis in 79 days, 7 hours, 47 minutes ....--...---- 1792 16 

—————> nature-Of itssuriace: 2 oo< asasGses SAS e eee ose en eee ceeeee 1792 17 

— : observations from 1791, September 25 to October 1..-...---. .--- 1792 17 

——-- —- sts; atmospheres) probablymrarec-.- s2-e2- nae eee eee ee eee eae eee 1792 17 

Srotates:on 1tsiaxds...52issensctadcee esas soe eee eee ee eee eee 1796 = 456 

Jupiter: OLaWiNeSs OF sn ost cccs aise srcsce see os same ee eee eee eee 1781 ne 
123 

JUpiier’ STOLALION., 122 maj siesieuw viele Selon nee ete ae te eoee eee a a eee aa eee 1781 te 
124 

Jupiter’s satellites: their changeable brightness, and their magnitudes... 1797 332 

——: rotate on their axes, and are of irregular shape or reflecting 

Power ssc oSesssie Baro eee eeisocer eee er een me ere 1797~— 344 
: 334 

Se Ss their: color-sstosasdssccotcee onisace eciese Soe seine eee ee eee 1707) 349 

350 
Jupiters spots change their places. 222. . sseesise sos doe ses sees enenee ee ilgésil ali: 

Jupiter's spots gradually rotate in less time.....-........-.--....---.--- ilgésil 1S 

KETDEE his theoryorvariablestarsucsso- sees eee ee eee eee eee neeee 1780 344 

So \s[2 ere c/owis, ayelele wis Sia ete iale Scie eial es Slee SIS ee See Eo eee 1780 509-12 

IGA CATER (cee ie 2 <n eerisiee oom eee pecmenaleseieice sere 2 ales sealer eee eel OO mma 

IGALANDES -.isaecnes eee, seececen= eee eeeee aces Rectis-emisoe eee eee ene 1780 509-12 

sheer cis ccit ins Bcieia: cwisisee oe clavate elo ee ote eee erarare Sete ee 1783-283 

st COD OU SOROS EOD ae ao EOSOS BEDE ISHS 0) Hoomes SocaaoKdkbooo Gada Cogeke ilrASXos lez 

: has shown the probability of a solar motion .....-....-....---.-- 1805 235 

LAMBERT. ‘suggested. a solar motion: o2- ss -2o5 2420 cece eo ee ee nes 1805 235 | 

Lamp) micrometer:deseribed ss. 252. ese ceneon eae eee ee eee 1782 86163 

imibinevapervures!s iss. se eee eS oe aoe ee ee eee eee L817 3st 

TONG wche eine \inie Mint Sine (ricer cies eis Se aoa ee ore S ere ae neta ere ee 1782 += 88 
Lunar eclipses, mountains, ete.: see Moon. 

Magnifying power proper, to be used.-)-,-...cesereee eerie e eee eee 1782 92 

Macnifying power useds(1782). 6% sae eee eect are 17825 2a 

: its effect on the darkness of the field of view....-.-...----. 1785 82 

——: must exceed a given limit in order to utilize the aperture... 1800 55 

Magnifying power (effective): defined ..5... 5-2... ..sceess22ee eee nee 1815 294 
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MIARTUSS SIMON ¢ ca senssececses cece ce SDS cra ered es ES > ea ae sp mE 1800 

MCSE MOTAWWAN GS! Ole cceie spoaicisie etree Sina ern re Sa SSIS ee eee ee 1781 

MOHCIS: POLES <AXIS flO ULC OG sas 2\=52 Sao = a. eats eee nee eee eens 1784 

eA ATR WATS icyeim 2 aicyars Sai oie tsaiale tars Sato as CoS ee eae 1784 

——: the polar spot projects beyond the disk by its splendor......-... 1784 

a DOLAar SPOUS areidUue.l0lCOmacereneseeciecc coe seeeer ee eee eee 1784 

eee eOS VULNOSD NOLO ara =<) <2 atsia\siataafels cinyayaratajainieiarore is oa eee eee 1784) 

; results as to the position of its axis, etc ....-.....-..--..-..-.-- 1784 

CSE OU ALI ONGUIMNO® sss) saree yaetelsinis Wee lee @ sale miekaciioen eee ae eee ee eee 1781 

MensaspOvus alenpelManent sacs seciacislsleisinnicicisisteriee oe eee eee nee eee 1781 

IMASKHDYNE:: his proper motions of s6/stars--£--- .-----+.--5 4---.-2-s2 see 1805 

MAUPERTIUS!:: his theory of variable stars..-.2-2..- ..s-2>s-2=--1--422ees 1780 

IVIASYAN RS) 52.5. Saiey =i Bs melee eialeleisiaisie/ sete selec cistealeie sie Serenata cineeieeterns eee 1782 

Mercury : observation of its transit of 1802, Nov. 9...-.....--.--- seseecs 1803 

oot MS DELLOCULY SPHOLICAL oa scccoseeeworeeens Soe cee ee sec dacreamees 1803 

MESSIER’S nebule examined: (with drawings)....-.....-....--.---.---- 1784 
SR eee aes ne Sones tice eine ST SIOe cle icie hic BESO DUE Se Sse ee 1814 

Bees siaisteiaeiel aiaicja wer leiaa sv nonce ie a eens ee cisecie les csi nese ee 1818 

fenods of observing: limitation of magnifying power-.--...----..------ 1781 

single eye-pieces better than double... .--. 2... 2-22. 2... --5.. 1782 

——: the telescope to be used depends on the work to be done -....-.- 1782 

== GISbances Of COUDLO StALS =~ = le soe > eine sn wlnlniel sowie is wisest cle ssieciee 1782 

— : the observer, the air, and the instrument must have the same tem- 

RCLAGEEG Ree emt home chee ata ce mie ee ese rere came cuieal cet tee 782 

——: determination of magnifying powers ......-.------+-----. ------ ae 
é 

—: employed in reviews of the heavens. .....--..-..----------- Rigen. pallefch} 

——— adjustment of focus...--...-.-. .--- --- 02+ ------ ---- --- +22 -- 2 eee 1785 
— : effect of magnifying on very unequal double stars......-..--.--- 1785 

——: unequal double stars ....---.---.-----------+------------------- 1785 

—: astar is not always best seen in centre of the field of view.-.--. 1785 

———-: BWCEPS..---- 2-2-2 cee ene woe nnn nn nn terres wore ene terres 1786 

wun -Noifoct Of Moisture ON Seeing. ------4es-oe- -- ose Saereine= oes | dod 

—— : see Telescopes: investigation of the causes which often prevent 

their proper action -..--..---------------------+-----+ +--+ +--+ 1803 

———-: determination of the diameters of the nuclei of comets, etc., by ¢ 1808 

comparison with globules of sealing-wax..-------------------- 1812 

Method of limiting apertures: ...-....-----------------++--+++-+--+---- 1817 

Micrometer: used in 1781 ...-..---..----- --<--- ---- -----: ---=-+-------- 1781 

: position (with a plate) ----------.--------------------+ +--+ +--- 1781 

——: (lamp) described --:--.---------- B ASbo noob US Gans Hpeace Gaad seed 1782 

——-: (lucid disk, etc.) described ...- ---.-------------------------/ fa. L783 

: threads were silk and were 1” 13’” in angular dimension --..---- 1785 

Milky aye RW AVG lagen Se oude-cooocs soondd sdomad.cueesececooosoncgcse 1784 

: its shape, drawing of it...---.------------------- 2227 2-02-27 --- 1785 

— : consists entirely of stars.-...------------------ +++ -----+ 0-7-7" 1791 

ete ENE MOLESCOPIG oa 22 <1) = oan seinen ne minaret 1791 © 

——: example of its most crowded parts --.----- -----+---++-----+---- 1795 

—— : consists of stars very differently scattered from those about us.. 1802 

— 39. HEI Gh AMT T(OM) Gone SBboeo Ge seer DObESO CO>0 CODD DOD ECOCOGSE SOoCSG 1814 

=———: general description .--. ---- «--------- ---- ---2 27-7 o 7-072 soe on 1817 

win general -..5<<.---'--- ------1-9-- 2 == === weed cence ee eeeeeecee 1817 

1790, 
Mimas: discovered 1789, Sept. 17. .-...----- --------27 eee -e ttre rr 

615 
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233 

343 

157 

214 

217 

440 

284 
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MAMAS RODSCLVAtIONS eee enee cel eeee ee eee ose pidtcwoe seit ese eae 1790 73 

Minimum visible: (naked! eye).--.----.----..--.. Jemi@esissae seeeaceeceee 1780 340 

Ss et Paden Duct nested ese Cainislee ide sis be cublcw tee merece eee ae ee 1782 95, 96 

titoythemakedieyerand telescopess---s4eeeo sree ee ee eee eee 1805 33 

= MAT COU Eck hoa ee RRS ERIE OL CERO EE eee tenes 1780 = 338 

: has a period of 331 days, 10 hours, 19 minutes --....--..--.-..... 1792 25 

MOLINE UX os so oie erctae steno acces emeceece renee ade isa meeeceeeesnee 1782 84 

Moon): observations|ofits)mountains|--2-7--eeeee eee oe eee eee ee eer eee eee 1780 507 

; three volcanoes observed 1707, April 19 and 20......-....-...... 1787 =. 280 

=} eclipse 1798 (Oct: 22 4a. cs bose ee coe wwe coe oseeneeeeesacceeeeeece 1792 27 

—: observations of its mountains...--...--.....--.---------------- 1794 41 

Ast probablysinhabitedsstce<cse nee eiaelocee eee ee SSueweewe. 1795 65 

Mountains'?: im, Venuss.s..< 22 252s cscere ne terinecee oe eee eee eeenne 1793 202 

Mountains of the Moon: see Moon. 

Multiple stars: examples [and figures] of possible systems.......-..--.- 1802 487 

Naked eye: can distinguish a square from a circle 2’ in diameter ...--..-- 1780 340 

eat cores d Sa a eR See csc el bc kei oes Uslateteie lode a netmeie ee inate 1782 95, 96 

Nebulaiof- Orion: its changes|5.-----ss652 - 2] secede oes ceeee eee 1811} a 

ipits! (stance \s..s. soe Soe Sus cee Bac ete Ss es ects soeeere 181) 322 

442 

Nebulae drawingsi0f, 6b 22.22.) socom icon nieicnnie sists nist ceciee see ieee 14) to 

446 

: are often surrounded by spaces vacant of stars .--...-.-- seas 1784 448 

214 

—: theoretical view of their various forms.....-...-..---.--------- 1759) 215 

216 

————— plan Cbaby4-eteiseyn eee: ea eine lee ce teenie ieee aie See eee 1785 9.263 

———— ;swiere: plotted On aimMap soar, spots Slew ee meheiseet a aaie een 1786 467 

———; may all be clusters of stars .----..-.-- 222-22 2 - se cee ee = 202 = sooe ed Se 

—==— ; order of evolution. hao sits ccs eielanos-leee elie oee i ares 1811 325 

== —— 7 cheir proper Motions = 2:/frse5--se Sos cos iesslsten oslo vaciosee enemies 1814 249 

———— PAINS soeteye saosin sielecielncien eee espns ee eitei seereer oe rinee ees 1814 284 

——: observations of many of MESSIER’S ...--..--.----..-i-..--.---- 1814 274 

Fe I ee TE Mere Rea nae es errno Bae mice OSCE 1818 431 

——: may not be distant clusters after all...-...................----- 1791 84 

: catalogues. See Catalogues. 

Nebulz: MESSIER’S. See MESSIER. 
Nebulsyand Stars?) them connection sees eeece nee ee eee eee eee 1814 249 

Nebulwiarejarranved inistratar eee ce eiecieceteee eee sees Coe elses 1784 442 

Nebulai(double)):theirscausent- se oeee ars cee te ee cee eeieeeee eee 1811 285 

Nebulai(planetary) may. becomelstars: sessceecece tere eo oes eee eee 1811 318 

sthey rotate on; theinaxes, 7-2. cece oem sess teas oo ereecieeee eee 1811 319 

Nebular hypothesis: see Construction of the heavens. 

Nebulosity:) may, beiclose to our/systems-o--- sees eee eee ee ee eeeee Soaee  lellyan ee) 

‘dittusednebulosity as plentitulesssss) seer eee eee eee eee eee eee 1811 272 

Nebulousimatter:;1ts matures: . sas. cee = ese eee ee eer eee eee eee nee 1791 85 

SISLOlaSliG:.-ceecacins can, S.cue Soe Mase MUR aetie he eee ee eee eee 1811 313 

309 

2usypartly: opaquessacasotess- dees ee eee ena ae eee eee ian} 313 

325 

Nebulous' stars: im generale 2255-252 seismic oes Seen eerie ee ee eee Ok 5 ail 
: observations of special ones ..--.. . BRE rf eee seo nob enedoo 1791 78-82 
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os ENTRORTS * 26 SoG Ugo ESSE SONA meets Aamneamaaenne merece oa Aull | 
NEWTON’S rings: in general - 

Oberon: discovered Jan. 11, 1787 (period 134 days) wees ee ee et ew ewes coe ces 

: its elements 

ee wees Ce ewes cee ees coe wees wees cee ass ee eces ——_: is brighter than Titania 

Were ee ee eeee cee ees coe ees tee cee coecas cass 

: practical hints for observing. See Methods of observing. 

SEES FOES MIE eleraiea i et iainte clei acinipinle me eialarciae Sem ee aoe meee os hase 
Wpincalailusionin viewing the moon. -..-- <<. .-22-0s20+ we sees nossa 
Orion: the trapezium is not connected with the nebula....... 2... -- 

a STM DSOLU AGL ONS) atts a1 Un csoie leis eeete = Matson ema ak okie Beach laeuaee 
: its diameter is 147 miles, 

Eavallactic MOLIONS OL Svarsumy OC Onerale ses eeeeeae eee cele ceieeee 

Parallax of the Sun, Stars, etc.: see Sun, Stars, ete. 

Benbelion passagelol ai Comet: ibsleftecth4--- seas eeeee s eeeaiee-eieeee 

Bo aaicity of Solan Spots: is connected with the price of wheat----..-. 

ihasestoteCometl S015 Ms ce ssmeie csi niyaice ceeiseseisetnaes\seseoeeen aete 

Photometry: Table be the transmission of terrestrial scattered light 

GHLOUPAVATIOUS SUDStANCES, CLC... <a ose - ess ose -sioule-seseiee) sees 

Pee OF SUBS TWBUINOOK) SS55s5ceccuscs seen doncG Sacco cassesoooebe 

: See Catalogues of the Comparative Beishenese etc. 

Econ: = Odo C600 4OR5 BOOO. CODD OUDS UbSp o5na. Hoe S605 cuseas cone Gnosbdenée 

Pilemngimany ING WIE. s.o6cocooboc seas ceuoonccouce cess Gaus ceeccc deuecu see 
Planets: all are probably self-luminous to some degree...-...-.--.------ 

secetimedyse=~ aasa= BS OOOO BOOS cao DOO REGIS SoBcn Osan caocun adensacass 

2 Wnge GrrolpimOS pon ecods seaeac bods onmDCd Sa 555 oS6c0s besccasouE 

POresemilNDHOlsun 22 eee eo. he oe Le ciao at So erey meee Maes 
Price of wheat: its connection with Sun spots...-......-...---...---. 

Probable errors: see Errors. 

iRroperanotions): of nebulles).- - =~). . <= wince) oo = = elie ser ela ele 

Proper motion: of the sun, stars, etc. See Sun, Stars, ete. 

Proper motions of Stars: their cause...---..-.----.---.-------------.-- 

Radiant Heat: see Heat. 

Red Stars: see Stars. 
Reflecting telescopes: see Telescopes. 

Refrangibility of heat, etc.: see Heat. 

Resisting medium. ..-.-. ------ -----+ ---+ se 222+ eee - ee eee eee cere ee eee 

: may stop some light.-.----------------------+ +---++ -+---+------ 

Resolution of the milky way, etc.: see Milky Way. 
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Retina: may be less sensitive along one of its diameters than along others. 1794 52 

Reviews of the heavens: Ist, 24, and 3d .......-....002---2seeeee eee eee 1783} oa 

Rhea? ObSCrvations: czseceie see coset shee als cows. cietselae cis sciceisoeeieeecenas 1790 8444 

Rotationiof the planets <a: <5. 22-124 5-1-1 = ere eee eee ae igfenk DIG 

Satellites: may be more ponderous towards their primaries ----.---...-- 1792 16 

Satellite to Venus: must be less than 8-9 mag. if it exists........--.--.- 1793 206 

SU Oe) CUP RAL So 5 Coc ecsa5 soacH S5aned Sogece sscsee ssa sens occsao o5 1790 2 

(rough) dra wingsiOfuh 2. 2,22) ee eis eee ele eaeat eee eee 1790 13 
==; has. an alMOspherer case. sect ca see eine siefisee oes eee see 1790 15 

————= {UINS ON 8M AXIS 3555.2 tes sae se seein sae snsese eae eases 1790 16 

——-—-: is spheroidal ..-.-..-- PEROT CHE Cen anon ne Troe waded snbo6 62canu Soee 1790 17 

— : SCHROETER’S observations criticised ...-... poitsteee tec eeetenis 1793 202 

——————" FOALES Tay ON GIO 184 Se eee este eeseee eee aes ae pees 1794 66 

— : the shadow of the ring on the ball is broader at the ends than at 

thesmiddile: a5. 2) jssie Sea aise iajeieteaie te ae chaie ees) ane eters siesiostetet= 1805 275 

5 GIy elNY oo55 cases cee ct nec acd oso G08 oda b55 sone soa cage conscs 1805 279 

— : observations on its singular figure [square-shouldered aspect ].-- 1805 272 

tee Sa bic kb Rtas oe eed der we eens naseecn eet ee eye eee Bee ee eet 1806 462 

——: its figure, climate, and atmosphere..-..-....---.-...-------.---- 1806 . 455 

——_—— drawings of 1b in 17897and 1805 2225-5 2 see. ene eee se eaee tees 1806 455 

——: may change in color at its poles with its SCASONS ---- -=--<2 2-222. 1806 464 

————=—=(> NAS) AN ALMOSPNELE soccer nis ass cite oes) eee see eee tee 1806 466 

shadows of its) ballzandirings)sossssseeeee ee eee eases 1794 55 

Saturn's belts: obseryationsan details seen. soe eels ee eae ee 1794 49-59 

—— (quintuple) belts, with drawings. .-.--.-..--....-...-----.----. 1794 28-31 

Saturn’s ring: has an pais glen aie Tels ade bersecenmeisies cewis else eae ethene 1790 7 

I teerisislg ewe ISS BE SSS ee eee Reece Bee eines cree eee ae rete 1808 163 

——=— principal Givision -. 3) ssscmeietoseniejecoseeee cease we eee eee 1790 3 

= is'as solid as:thevball ts ase. sien Soe a eese en nee a Hees 1790 5 

—==— ; is brighter than; the bali. 227 aS.cseec,cinssenstene nese eeee eee eee 1790 5 

= Hits thickness: 5.2252. ssc cae saccade te aceen eed eee eetameees 1790 6 

Sits) atmosphere... see, scacies ase See elses wt ese aa eee eee 1790 a 

a NS COLO 5a acelsecieresacjs se seioee sss pet Seeieaeiese a ctoeleet ee ee OO 8 

— : its division is a real one, as Dromed a EHemeberer Seeeeaenee 1792 4 

———: is brighter-and whiter than the ball--.........--. stdin sti notosteis 1805 273 

——: its figure, climate, and atmosphere-..-.-..--------- Jee eee SOGMR4DS 

——-: the breadth of the ring is to the width of the space eecaene ring 
and ‘ballas'5: t0j4.cs2os cases sees con case eee peee Ree eee 1806 463 

‘has an atmospherev si. 90.8 seen see meciecte eee ee Ree eee eee 1806 467 

Satur: 73 Tings dimensions’: 25425. 522s eee ee ees en eee ee eee 1792 5 

stheinner ring alsoimevOlves= jose pase eines oee pene se see eee cen oe 6 

—w-—: more than one division has been observed only four times. .----.- 1792 8 

—: are not of a changeable nature ..........-.---- +22. woe eee eee 1792 11 
| (diameter measured 32.2. soars 2 eis eee Ae a eee 1792 11 

: the outer is fainter than the inner, etc .-22-: ..2.-22-- Jiecea. cane 1794 53 

Saturn’s satellites: see Mimas, Enceladus, etc. 

s_Leblesiof theirjimotions s=aecee see ee eo eee cee eee eee 1790 488 

Saturn’s shadow: the shadow of the ring on the ball is broader at the 
ends)thanun) the middle; 1806) Junesiceess asec esee ee ee eeeeee 1806 ‘462 

—— —: the shadow of ball-on ring is not parallel to the outline of Saturn. 1806 463 

SCHEINER': |: soci seo nesetGes sees cack Sebi c kee eee eee ee eee Oe ees 47 

SCHROETER'}) 3c veeees2 Sct SESE ER EE EE eee ee ee eT 7 OS: 202 
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Secnonpot our sid ereailll Systemies-sa)s- ale) hers oc eee eee eee eee ee 1785 253 

Separating power: see Aperture. 

SequencessOh stollam brio htnessece a: see eee cee anise ace ee eee eee 1796 173 

: description of HERSCHEL’s method for stars ...--.....-.----.--- 1796 181 

SMEOIRIS cod doa sueubrice boo bGCOHOd BoSoaE cemeseeaa ences pabocsoSceod ctor 1792 9 

Sirius: effect of the Sun’s attraction on Sirius ...... ......220. s.s-c0--e- 1806 227 
Solar eclipses: see Sun (eclipses. ) 

Nolamphenomena : explained <2. 225.202 ..ccc ---- PAE re etna EGE MY 1801 303 

Sources of error considered: see Errors. 

Space-penetrating power: of telescopes .---.. .-.. ss. ----2+ .-ccee ------ 1800 49 

———: ..--.-. SAORI CEES BSE BOC ME RES BORE Poet E Ea RE Spier Sey Cac 1817 319 
Spectraof stars... 5..-.-.-,-.. Py MO 25 Si ae Wa RE aD bt Ao 1814 264 

: see Stars. 

Spectrum: distribution of the light and heat in the spectrum shown by 

GUIAVES, aac B S00 bene BOOS COSUEd EEBBANISCO RE a soa Smee ce EO ceCmaCSEnpcatse 1800 439 

Spechyamea (atmospheric) Of Stars amece ces siseccice soe ae nelaeio el ae erenieeae 1805 43 

* Spectrum of the Sun: in its relations to Heat. See Heat. : 
Speculum adimensions Of they40-fo00 teas. socee cise tre asses ia = =i em 1795 = 408 

Spots on Mars, Jupiter, etc.: see Mars, Jupiter, etc. 

SPULOustdlAMetershOhiStars ase o2 -)-eecise sacle peismeemeicc cae a acinieaeletce 1803 345 

SyOUURIOTES) CHEN Bahn kets) PAE Boe aso cop coaDoaoscn Hobcad odecUnieses opcces 1805 ol 

——; of celestial and terrestrial objects.........----..---..---------- 1805 40 

——-: criterion as to whether a disk is real or spurious..--...-.--------- 1805 53 

‘Square-shouldered aspect of Saturn. ...- =... --ssncc= ea desctawccce sree 1805 272 

Sedo bob pad cae ACO OE Ot an BAe aeaEARSanccen a ceanncoo reco one macrod 1806 462 

Star-gauges: results given in part --... ......---...-------------------- 1784 446 
220 

PESUWDSIP LVM semana an seaninsineacloaenecdeseiaeseclnaem ata 1785< to 
240 

————; (unpublished) .... ....-..---- .---20 e222 een oe ene ee eee eee eee 1817 = 325 

Star-gauging: defined. ...... ---- 22-206 c2-2-0 soso ne 2-5 ene oo = ooo sone 1784 445 

Stars of the first magnitude: eleven pairs of them are 60° apart ---.---- 1796 166 

Stars and nebulw: their connection or disjunction ..---...-------------- 1791 74-77 

eH OIE CONMCCLIOM: =< <<less om wa so winie wel ore ne wie © = minis =) i=) = iniewie 1814 249 

Siarsrmpheir parallax. 2-20 -<si- = <coweescnnine seen sse=els == ==le=meinne = 1782 82 

: parallax; method proposed...-.------------------------+-------- 1782 87 

———: some stars seen best with high powers, and some with lower .-.- 1782 92 

— : drawings of o Lyr@ with various powers ...-----------+---+---- 1782} = 

Se TdouUble Stars KNOwal 1) 1782). << -. oon me cecimenlsaivin we wees af= = = 1782 97,98 

100 

———: classes of double stars ..---...---------. ----22 2022 = = 2-2 eee 2 2 e- re} to 
103 

———: may lose light in space .--.------ ---- ----0+ -- ++ sere re rere tere ee 1782 104 

———: theory of the parallax of double stars ..---- -------------+------ 1782 104 

———: very small stars usually red .....----------- -----+------+-++---- 1782 140 

— : their diameters; a Lyra’s was 0.35 ..---------+--------2222 +--+ 1782 147 

———; drawing of a Geminorum...--.----+ ---+ +--+ ---220 2222 c ttt r ee 1782 159 

=": lost since PLAMSTEED :.--<.- .--- -----0 --= =e <== enna 1783 250 

— : changed in brightness since FLAMSTEED..---.---- -----+ -------- 1783-254 

———; newly come to be visible..---.-----------------++---7 22200 0-"" 1783-257 

mae | 8 oR RO OBE Doce peo BBInbbe GoBeoG Dede Ob OO DORE CORSO OOCIOC OC 1783-257 

— shes) sae ase sabe boss paO0Do eee nnanCod OF Corso CoO SSC O0o S50 CoCr 1783 259 

— : suggestion of a method for determining the stellar system to which 

a given star belongs.----.-----2 ---+ ---222 +2200 rr cre ttt 1783277 
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Stars: spurious: diameterse-eacseems cae os cre eee ee eres oe eee eee 1785 48 

: the colors of double stars might possibly tell us which component 

Was the Nearer-2 s-n-censcesese och seeeeeee a eeecoaneeeees 1785 48 

——; their atmospheric spectra ......--..--..-----.-----= .---2- 220s 1785 83 

==) ALO SUNS! «sca cdoeceeesbede cece ce pewes Jee cone Gaeta eieeeeaeens 1789-213 

——: may be regenerated from nebulw...--.-.-.-----.-.---.---<. «--- 1791 86 
——-; disappearance of So Herculis.. =... -s22-6 se eee ease eee 1792 26 

———; their nature: 222. ee ce teceae sc ciskee seccsss bes ce eeeee see ones 1795 = 46 

———; their analogies with our sum .-.--. ..22-. 22.- -2522. senses waee se 1795 68 

——: are not of equai size nor equably GRA EL he scents sulbisiew erectus 1796 §=6168 

= — rotate on -their axes! os. =< 22 oo tose scinoes =e ce seals se eee eee 1796 = 455 

===; their relative siZes .25.2520253 sonst ecseoe ance anne ene eee ne 1800 59 

————;, their distribution an space .-- 6-2 so-c1-- 1eseeae eon eee 1800 61 

——: classification of stellar systems: as Insulated; Binary ; Multiple ; 

Clustering Stars sGj0ups, mCLustensieeaaiececeiee eee e eee eee eee 1802 478 

——-— + ‘their, spurious diameters). 225.2... ge o-c cc ee see eee sae eenreert 1803 345 

‘———; different kinds of motion of stars .......--.---.---.-----------. 1805 236 

——: that have a proper motion may have a rotation on their axes.... 1805 326 

=~: /causelor their proper motions sess tae sen eee eee 1806 22% 

===? ‘their spectra. 223 55 .s ace oben baece aes eens ge centr ee seen ee eee 1814 264 

——-—; theirievolution .252 2530 c2osc4e2 tec cscs ce sens sone Socloee oe 1814 251 

——— their distribution in space... -..-. =. 2-2. 522s. cece =e eee oe s=- 1817 = 308 

: catalogues. See Catalogues. 

Sun: eclipse of 1778, June 24, observed........-.------..---- Hence iets 1781 138 

=== Nay DSI MOON. ec ceeh ese ee soe aS ee Smee OEE eee es) (1788S S103 
IS sPLO VAD ysINeMO td OM ner aa aise eae eee eae eee eee seen eee 1782 143 

———-: its proper motion discriminated .......... ..=--. «-<-2------+---- 1783 ; oa 

==, Moves towards ReaA2079 = oS. hse scm scscee cleeme eee eeeeos 1783 268 

——; is near the centre of the Milky Way ..---...---.----.---------- 1784 8443 

—w—: the sun is situated in a compound nebula of Form IIL -...-....--. 1785 244 

—__—NeCclipse Of 1793; Seplember) Decree == see=eeeeeee eae eee neers 1794 39 

SSS 2 MS MAbUTC 2.254 5.2 see secec bom stscoee en ae eee ease see aaee 1795 46 

——— + early theories:.¢.c5.25502550 2 Sc ceemescecee mec eee eee eee 1795 48 

———_— | mustibenwasted: byemittine ehtee sees eee eee ase eee aes 1795 ~—- 60 
———  heightiofatslucidsenvelopeiee=- 2=-.m-s) cee ole ees ee eee 1795 62 

=—=——; may be inhabited) .~ 3322255 ee ee ee 5 leisy * (eB 

——: its lucid substance is neither liquid nor gaseous .-----.----.---- 1795 71 

———: changes in the sun’s heat will account for changes in terrestrial 

climates)=-==5-)- Le Ses stkinesres see seesk eee wee eee eee 1796 186 

1795 46 its disk cannot appear equally bright all-over.........:---.-.-- ; 1860 51 

———: advantages of viewing it with large apertures, etc....-....----- 1800 9255 
——-: confirmation of previous theory advanced by HERSCHEL...--. .- 1801 265 

——: nomenclature of its various parts --..........---.---.--- Lek gee ae 1801 267 
{ts AbMOSPHETS\ 22. Leeson see oe eee ee eee eee Cee eee ee eee 1801 300 

———: its spots change, and this change is connected with changes in the 

Price ofswheab taaesd Ge ce Se ee ae Na Re 180t 310 

——-——— Our SUNS amen sWlabted: Stalt—===eeee = eee eee eee eee 1802 479 

—_—_— direction andevelocitysObibsymononteese = seee eee eee eee nena 1805 =.233 

——_;, reasons for admuithine, a solar motion eee aee eee eee eee eee 1805 234 

—: the quantity and velocity of its motion. ................--.----. 1806 205 

——: it is a member of a very extensive sidereal system -.........---. 1806 236 

————;) 168/He6@h.ON COMCLSs. = a= ae eat ae ateee etiele eben ee Cee e eee eee 1812 136 
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Sun spots: are veiled over with nebulosity ...................---....... 1795 57 

MODBOLVOGe ome rt as oon awe es cere kV Lee eed aren a 1795 49-58 
mmm a DOU UMDEA 1 S25. co 8 5 ot Ae geen ae cise anise ee ees 1795 ~~ 62 

Sun’s emission of light and heat: is variable ...................._...... 1201 os 
vo 

Sun’s motion in space: its quantity assigned ................-...-. ...-. 1806 ie 
Simee PS eIue baOd Ceseribed . : 2222244 sakes oe as | i is la ah pau 1786 458 

EU NO 40 100 bt aer aio secre san ae Gad we CSA Cee ee 1795 = 384 
: with 40-foot telescope it would require 812 years to view the 

Role nC AVOTIS stat cee ss aa uk oe a see ees Sek ens eee eaten 1800 84 

Telescopes: (HERSCHEL’s 4-inch Newtonian described)............-.-..- 1780 8513 
———; DOLLAND’s 33-foot refractors.............--..-..---c+- --ee ee ee 1780 §=6518 
(HERSCHEL Si, J0220:feeb) aces shancens cee cec soe oe. cece ee i7Asil . pal 
eee MUSOUMD Vr ICR S CH EG =)osisiaraa7a os Sees See eee ee ee ene aes 1783 249 
ee mC RSCHEL(S 20-f00bt described) 5.2 -<cise see seca eal. ieee) 17845 487 

———: (HERSCHEL’s 20-foot sweeping telescope described) ..........--- 1786 457 

——- experiments with various magnifying powers ..............-.-- 1786 500 
—: the 20-foot was much tarnished in 1788. 

————_mbnosenmade in 1/93 cote ac ects see com eae e ce een anee wees none 1794 50,51 

———: (HERSCHEL’s 40-foot described) ..-. ...-...-.. 22220. 222s eee eee 1795 = 3.47 
347 

—— account of HERSCHEL’s telescopes in general .................... 1795 348 

349 
———: their space-penetrating power, etc.; general theory ..---.....-- 1800 49 

———; data as to HERSCHEL’s reflectors............-.----------- eee 1800 68-81 
——: advantages of large apertures -..........-...---.-----.-------- 1800 255 

—: light-gathering power..---- sdelem ee eels iida see eethe neds aoe eae ae 1800 855 

=; measure of their effectiveness....-....----.-----.-------- -:--- 1800 65 

—: description of one with a glass mirror .......-.--..----.-------- 1803 214 

———: investigation of the causes which often prevent their properaction 1803 214 

8 SOWIE Cheha i Sooo deo G5So00 S50 6255 s65000 GeeccdcarS ace .-- 1803 345 

——: power to determine very ail angles) sc2ehicses tee coe ee ee ee 1805 31 

———; there is a limit for each telescope below which it cannot distin- 

guish a real from a spurious diameter..---.---------.-.--.---- 1805 62 

— : (HERSCHEL’s 20-foot and 40-foot—their relative convenience).... 1815 295 

——: generally perform well in windy weather. ..-.-.---..----------- 1815 322 

: magnifying powers used. See Magnifying powers. 

Telescopes penetrate into space..-....--- ----------2+ ---+-+---- -------- 1789 213 

Telescopes penetrate space: example on a terrestrial object. .-.....----- 1800 = 67 

Telescopic milky way ..------------ --=- ----7- +22 ---0-+ 22-20-2222 eee 1791 a aa 
SSiso b4a6 GaSb BODOCOOOOR Cone ao DO ObCO Ceooge bane OSngeeacCeD cecmuc 1791 84 

Tethys: observations .... ...-.----- 2-2 -- poe - ene eee one e ene eens 1790 456 

Titan : transit observed 1789, November Jaebo BoDocdog.cacs GaSb uses csaact 1780 18,441 

——-—; Observations .... --.- .----- ---- ---- eens ene ene nee eee 1790 438 

Titania: discovered January 11, 1787 (period 83 dare SS ICE SEER 1787 8126 

1788 366 
-——>) lts/elements .----. ---- -< 20 «= 0m nn won enn enw nnn onan = 1788 377 

mee !. is brighter than Oberon... .--[02-=-<+22- cos- «2-4 =0<- a Reeete 1798 7 
—: is larger than Oberon ...--.---------- -----+ ++ +--+ -----0 07-2 07° 1815 356 

———: is variable in brightmess...--..----.--------------------------- 
1815 356 

————; revolves in 84 162 56™ 58.2 ....-...----- ---------- --- = === === 1815 350 

Uranus: discovered 1781, March 13 ......-.----------+----+------------- 1781 492 
1782 171 
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WOMENS aad bl S265 Gosacs ScooSheo seus sobeso adoo ScsossacaSSsa oss case 1783 11 

8 heen ere (Gio CY) oe oo Sooo oss osn6 Gores Sa00 Senos Bono cA55 1783 13 

———: has no ring; and it is flattened at the poles -.-..-------.--.---- 1798 70 

: certainly has more than two satellites.....--.-..--.-------. ---- 1817 302 

Uranus’ satellites: four new ones discovered ..-..-.-------------------- 1798 47 

: the system of six satellites explained ....--..-.----------- be SCR: 1798 66 

——W—: vanish near the planet .----. Span nos deancooGes wanode soeecasoes 1798 76 

<8 NIA INOMS caco ceceus Gans S556 SesoaD esac soee con6 escdsu seb aE 1815 293 
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In the latter part of the year 1880 the following circular was sent to 
all known observatories in America and to a number of foreign estab- 

lishments : 
[Cireular. | 

SMITHSONIAN INSTITUTION, 
Washington, D. C. 

My DEAR Sir: It is desired to present in the annual report of this 
institution a yearly summary of the state and progress of astronomy in 
the United States and elsewhere. To this end it is requested that the 
directors of observatories, public and private, will return this circular, 
with the blanks filled out, and with such additional information as they 
may deem suitable for publication. 

It is intended that one such circular shall reach every observatory, 
public or private, in the United States; if any have been omitted it has 
been by inadvertence, and notice of such omissions is desired by the 
editor (Prof. EDWARD S. HOLDEN, U.S. Naval Observatory, Washing- 
ton, D. C.). 

It is proposed to continue the summaries in the future, and it is hoped 
that the directors of the various institutions will desire to furnish from 
year to year brief sketches of the activity of the observatories under 
their charge. In this way a record of current astronomical work will” 
be kept up, which otherwise it is difficult to maintain in the absence of 
any American periodical specially devoted to astronomy. 

Very truly yours, 
SPENCER F. BAIRD, 

Secretary Smithsonian Institution. 
To 

The information asked for embraced: I. The Personnel: I. The In- 
struments employed: (a) Meridian circles; (b) (b’) Meridian transit in- 

struments; (¢) (c’) Equatorial instruments; (d) Spectroscopes; (e) Pho- 

tomers and other subsidiary apparatus ; (f/) Chronographs; (g) Clocks ; 
(h) Chronometers; (i) Miscellaneous instruments: III, The character of 

observations made or contemplated. 

Replies to this circular received up to March 15, 1881, are given be- 

low, in two classes: Reports of American observatories, and reports of 

Foreign observatories. Additional information of a statistical nature 

has been obtained from an article in the Annuaire de l Observatoire 

Royale de Bruxelles, 1881; which has been translated by Miss Lockwood. 

In the absence of Professor Holden (at the Washburn Observatory, 

Wisconsin) Mr. George H. Boehmer, of the Institution, has attended to 

the arrangement and editing of these Notices. 
623 
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I. AMERICAN OBSERVATORIES. 

ALBANY, New York. 

Dudley Observatory. 

Longitude from Washington, 13™ 12°.87 E. 

Latitude, 42° 39/ 49.5 N. 
Directors: B. A. GOULD, 1854 ; 

O. M. MITCHEL, 1859 ; 

G. W. HouaH, 1862; 
L. Boss, 1875. 

Founded in 1851, by subscription, the principal subscriber being Mrs. 

BLANDINA DUDLEY. Built in the form of a cross, with wings east and 

west for the meridian instruments. Finished in 1854, and inaugurated 
in 1856. 

ALFRED, Alleghany County, New York. 

Alfred Observatory. 

Longitude from Washington, 2™ 558. W. 

Latitude, 42° 15/ 19/.8 N. 

Director : 2 

ALLEGHANY City, Pennsylvania. 

Alleghany Observatory. 

Longitude from Washington, 11™ 508.84 W. 

Latitude, 40° 37 47.6 N. 

Director: 8S. P. LANGLEY. 

Assistant: F. W. VERY. 

Founded in 1860 as an annex to the University; completed in 1867 
through the hberality of W. SHaAw. The dome, 264 feet (eight meters) 

in diameter, contains an equatorial. 

INSTRUMENTS: 

(b) Meridian transit instrument: makers, TROUGHTON & SIMMS; 

aperture, 4 inches; magnifying power, 150 diameters. 

(c) Equatorial instrument: maker, Fiz, re-worked by CLARK; 

aperture of objective, 13 inches; magnifying powers of eye-pieces, 50 

to 1200; equatorial carries a 12-inch flat mirror by CLARK at south end 

of its polar axis; also, position filar micrometer, polarizing solar eye- 

a 
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piece; apparatus for projecting solar image; eight other subsidiary 

pieces. 
(d) Spectroscopes: one employing large RUTHERFURD grating; one 

with small grating; one 2-prism spectroscope ; apparatus for using large 

equatorial as collimator, We. 
(e) Photometers and other subsidiary apparatus: A variety of ther- 

mopiles, used in connection with a THOMPSON reflecting galvanometer ; 

large BUNSEN photometer; small portable heliostat, We. 

(f) Chronograph: one of Bonn’s pattern, built by HAMBLET. 

(g) Clocks: two mean time; by HowArp, both break-circuit: one 

sidereal; by FRODSHAM, break-circuit. 
(h) Chronometers: one mean time; by FRopsHAM: one sidereal; 

FROpSHAM, break-circuit. 

(i) Miscellaneous: One reflecting telescope of 63-inch aperture, spe- 

cially used for obtaining an image projected any size without the em- 

ployment of any enlarging lenses, and a number of subsidiary pieces 

for investigations in heat and light. Electric appliances for the distri- 

bution of exact time, automatically and continuously to points outside 

the observatory. 

The work of research during the past year has lain chiefly in meas- 

urements of the distribution of energy in the spectrum of the sun. The 

routine work of the time service has been continued. 

WorkK PROPOSED FOR THE COMING YEAR (1831): 

(1.) The redetermination of the selar constant. 

(2.) Redetermination of the law of the distribution of energy in the 

solar spectrum as it is observed after absorption by our terrestrial 

atmosphere. 

(3.) Determination (for the first time) of the law of the absolute dis- 

tribution of the solar energy, or in other words the construc tion of a 

curve showing the distribution of the solar energy as it would appear 

to an observer stationed outside of the earth’s atmospher e. 

Professor LANGLEY is now absent with a large party prosecuting his 

investigations on the solar constant, on one of the 1igh mountains in 

Southern Nevada. 

AMHERST, Massachusetts. 

College Observatory. 

Longitude from Washington, 18™ 4°.8 E. 

Latitude, 42° 22/ 15.6 N. 

Director: W.C. Esty. 

Founded in 1857 as an annex to the College. 

S. Mis. 31 40 
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ANN ARBOR, Michigan. 

Detroit Observatory. 

Longitude from Washington, 26™ 438.1 W. 
Latitude, 42° 16’ 48”, N, 
Directors: F. BRUNNOW, 1854; 

J. C. WATSON, 1858; 
M. W. HARRINGTON, 1879. 

Annex of the University of Michigan. Projected in 1852, commenced 
in 1853, completed in 1854. The principal structure is surmounted by a 
dome and has two wings. About thirty planetoids have been discov- 
ered there. 

ANNAPOLIS, Anne Arundel County, Maryland. 

U. S. Naval Academy Observatory. 

Longitude from Washington, 2™ 15.61 E. 

Latitude, 38° 58’ 53/’.48 N. 

Authority for latitude, Professor CHAUVENET ; for longitude, United 
States Coast Survey. 

Director: Lieut. Commander P. F. HARRINGTON, head of department 
of Astronomy, Navigation, and Surveying. 

Assistants: 1. Lieut. Commander C. J. TRAIN, U.S. Navy; 
2. Lieut. Commander R. P. RopGErs, U.S. Navy ; 
3. Lieut. W. J. BARNETTE, U.S. Navy. 

INSTRUMENTS: 

(a) Meridian circle: one; makers, REPSOLD, Germany; diameter of 
circles, 30 inches; divided to 2/; read by 4 microscopes to 2’. Aperture 
of objective, 4 inches; for observations of the sun, aperture employed, 
— inches; magnifying power ordinarily employed, 80 diameters. 

()) Meridian transit instrument: maker, WURDEMANN; aperture, 2 
inches; magnifying power, 40 diameters. 

(c) Equatorial instrument: makers, ALVAN CLARK & SONS; aperture 
of objective, 73 inches; magnifying power of eye-pieces, 40, 106, 553, 
and 966; micrometer eye-pieces, 89, 226, 673. 

(f) Chronographs: one Morss fillet; one Transit of Venus Commis- 
sion. 

(y) Clock: one sidereal; makers, ARNOLD, CHAS. FRoDSHAM, London. 
(h) Chronometers: five, mean time; makers, NEGUS, Nos. 1030, 1088, 

1260; DENT, 2099; HaTTon, 262: two sidereal; maker, NeGus, Nos. 
1520, 1527. 

(?) Miscellaneous : one Talcott’s zenith telescope (WURDEMANN); one 
Transit of Venus telescope (STACKPOLE); portable transit (WURDE- 
MANN). 

The officers attached to the cbservatory are not practical astronomers, 



. 

and they are fully occupied in duties of instruction in the Department 

of Astronomy, Navigation, and Surveying. The instruments are used 

in the course of instruction, but regular observations are not made for 

purposes of astronomical investigation. 
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BATTLE CREEK, Calhoun County, Michigan. 

High School Observatory. 

Longitude from Washington, 2 
Latitude, ———? 

Director: ARTHUR K. BARTLETT (private observer). 

INSTRUMENTS: 
(a) Meridian circle: one; aperture of objective, 4 inches; for obser- 

vations of the sun, aperture employed, 2 to 4 inches; magnifying power 
ordinarily employed, 75 diameters. 

(t) Miscellaneous: The only instrument at present used in the ‘“ Obser- 

vatory” is a 4-inch achromatic telescope, which was purchased by the 

board of education, about nine years ago, for the use of students and 

teachers in the high school. It was manufactured by PIKE, the New 

York optician, and is mounted upon a portable tripod stand, provided 

with all the necessary adjustments. For the general observations of 

astronomy, it is regarded as one of the best telescopes in this State. 

BETHLEHEM, Pennsylvania. 

Bethlehem Observatory. 

Longitude from Washington, 6™ 40°.19 E 

Latitude, 40° 36/ 23/.9 N. 

Director: ———? 

BROOKLYN, New York. 

Private Observatory. 

2 Longitude from Washington, . 

Latitude, ——— ? 

Director: G. P. SERVISS. 

INSTRUMENTS: 

(c) Equatorial instrument: maker, JOHN BYRNE, New York; aper- 

ture of objective, 33 inches; magnifying powers of eye-pieces, 50 to 320. 

By a double concave, or Barlow, lens of 6 inches focus these powers 

are each about doubled, with slight loss of light. In use, five eye-pieces 

and a prism. Also, a common spy-glass of 13 inches clear aperture, 

used for counting sun-spots and other observations; power, 25 diam- 
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eters. By lengthening the eye-tube as described in Droxr’s “ Practical 
Astronomer” this power can be about doubled. 

(g) Clocks: A good watch, and clock of ordinary construction. 

OBSERVATIONS DURING THE PAST YEAR (from October, 1879, to 
March, 1881): 

Observations of sun-spots ; keeping a daily map of the sun, on which 
the positions and number of spots are denoted ; a weather record kept 
in connection with observations of sun-spots; also, observatious of the 
principal planets and the moon to detect physical changes; also, observa- 
tions of nebulz and star-clusters, and of double stars, for color. Atten- 
tion has been given to making naked-eye estimates of the comparative 
brilliancy of the larger stars. As the result of a great many observa- 
tions it is found that Arcturus slightly exceeds Capella, and that Vega 
is considerably inferior to both those named. This winter, for the first 
time, Rigel has seemed slightly superior to Betelquese. 

WORK PROPOSED FOR THE COMING YEAR (1881): 
Continuation of sun-spot observations in connection with a weather 

record; observations of the moon, planets, &e. 

PRINCIPAL PUBLICATIONS OF THE OBSERVATORY: 
Many editorial paragraphs and other articles on astronomical subjects 

in the New York Sun. 

ADDITIONAL INFORMATION : 
Since January 1, 1881, a daily record has been kept of the sunset 

colors and their intensity, on the supposition that such a record may 
possibly have some value for meteorological purposes. A record has 
also been kept of meteors and other celestial phenomena. 

BROOKLYN, New York. 

Private Observatory. 

Longitude from Washington, ——— ? 
Latitude, ———? 

Director: W. T. GREGG. 

(c) Equatorial instrument: maker, WILLIAM T. GREGG; aperture of 
objective, 64 inches; magnifying powers of eye-pieces, 50 to 600. 

BUFFALO, Erie County, New York. 

Private Observatory. 

Longitude from Washington, 7™ 215.65 W. 
Latitude, 42° 54’ 9.5 N. 
Authority for latitude and longitude: Report for 1862 of the Regents 

of University of State of New York. 

Director: HENRY MILLS. 

‘ 
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INSTRUMENTS: 
(a) Telescope, not equatorial: maker, BARDOU: aperture of objective, 
3 inches: for observations of the sun, aperture employed, 3 inches; 
magnifying power ordinarily employed, 50 to 250 diameters. 

OBSERVATIONS DURING THE PAST YEAR: 
Observations on sun-spots and comets and such other celestial phe- 

nomena as come within the range of the instrument. 

BuFFALO, Erie County, New York. 

Private Observatory. 

Longitude from Washington, ——— ? 
Latitude, ———? 

Director: JAMES W. WARD. 
Assistants: Wife and friends. 

INSTRUMENTS: : 

(b) Meridian transit instrument. 

(c) Equatorial instrument: maker, JOHN BYRNE, New York City; 

aperture of objective, 4 inches; magnifying powers of eye-pieces, 60, 80, 

130, 200, 330, 400; useful with Barlow lens to 550. 
(hk) Chronometer: one mean time; maker, SAMUELS, Liverpool. 

(t) Miscellaneous : DOLLAND, 13 inches, used roughly on alt azimuth 

swivel for southern transits, &e. 

OBSERVATIONS DURING THE PAST YEAR: 
(b) Observations of Jupiter with memoranda; observations on the 

sun’s spots; observations double stars and “sweeping”; observations 

searching the floors of the lunar plains. 

WORK PROPOSED FOR THE COMING YEAR (1881): 

As before, with illustrated astronomical instruction to a class of ama- 

teurs. 

CAMBRIDGE, Massachusetts. 

The Astronomical Observatory of Harvard College. 

Longitude from Washington, 23" 418.11 E. 

Latitude, 42° 22/ 48/.3 N. 

Directors: W. C. Bonn, 1831; 
G. P. Bonn, 1860; 

J. WINLOCK, 1866; 
EDWARD ©. PICKERING, 1875. 

Ass":tants: Miss R. G. SAUNDERS, 
Miss 8. C. Bond, 
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Mrs. ANNA WINLOCK, 

Mrs. R. T. ROGERS, 

W. V. BRown, 

A. W. CUTLER, 

J. RAYNER EpMuUNDs, 
B. PICKMANN MANN, 
WILLIAM A. ROGERS, 

ARTHUR SEARLE, 
FRANK. WALDo, 

O. C. WENDELL. 
Annexed to Harvard College; projected in 1816; ground acquired in 

1827; instruments set up in 1839; a central structure, with a great dome, 
two wings, two pavilions, surmounted by domes at the extremities of 
the wings. Here it was that G. P. Bonn discovered in 1848 the seventh 
satellite of Saturn (Hyperion), and in 1850 the dusky interior rin g inside 
the bright rings of that planet. This observatory possesses one of W. 
C. Bonv’s chronographs, mounted in 1849, and an equatorial of 262 
inches (0™.68) aperture. 

INSTRUMENTS: 

(a) Meridian circle: makers, TROUGHTON & StuMs (glasses by ALVAN 
CLARK & Sons); diameter of circles, 36 inches; divided to 5’; each cir- 
cle read by 4 microscopes to 0.1; aperture of objective, 84 inches: 
for observations of the sun, aperture employed, 84 inches; magnifying 
power ordinarily employed, 300 to 350 diameters. (a’) East transit cir- 
cle, by TROUGHTON & Sms; diameter of circles, 48 inches; divided to 
5’; each circle read by 4 microscopes to 0.2; aperture of objective, 
4} inches. 

(0) Meridian transit instruments: one made by HERBST, of Pulkowa; 
aperture, 23 inches; magnifying power, up to 200 diameters. (b’) Large 
photometer, mounted in the meridian, for comparing images of stars 
during transit. 

(c) Equatorial instruments : one made by MERZ; aperture of objective, 
15 inches; magnifying powers of eye-pieces, 100 to 2000. (c’) West equa- 
torial, by ALVAN CLARK & Sons; aperture, 54 inches. 

(d) Spectroscopes: three, described in vol. viii of the Annals of the 
Observatory. 

(e) Photometers and other subsidiary apparatus: One ZOLDNER photo- 
meter, and several photometers of other kinds. 

(f) Chronographs: two, spring governors, by W. Bonn & Sone one 
small barrel chronograph. 

(7) Clocks: one mean time; maker, BOND, 394: one sidereal; makers, 
FRODSHAM, 1327; Bonn, 312. 

(h) Chronometers: two sidereal; makers, FRopSHAM, 3451; Bonn, 
236; one thermometric chronometer, FRODSHAM, 3424. 

(7) Miscellaneous: Comet-seeker and other small telescopes and appa- 
ratus. 
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OBSERVATIONS DURING THE PAST YEAR (from November 1, 
1879, to November 1, 1880): 

(a) Observations for clock error; determinations of absolute places 
of 109 stars; observations for difference of longitude, Cambridge and 
New Haven. 

(b’) Photometric comparisons of stars visible to the naked eye; about 
40,000 observations made. 

(c) (c’) Micrometric and photometric observations of the satellites of 

Mars (including 1,103 position angles and 245 distances); photometric 

observations of 41 eclipses of Jupiter’s satellites; observations of plan- 

etary nebule; discovery and examination of stars with unusual spec- 

tra; observations of variable stars, comets, asteroids. 

WORK PROPOSED FOR THE COMING YEAR (1880-’81): 

Continuation of observations now in progress. 

PRINCIPAL PUBLICATIONS OF THE OBSERVATORY DURING THE 
YEAR 1879-80: 

. Annals of the Observatory, vol. xi, part i, 1879. 
Annals of the Observatory, vol. xi, part ii, 1880. 

. Annals of the Observatory, vol. xii, 1880. 

. Thirty-fourth Annual Report, 1880. 

5, E. C. PICKERING, Dimensions of the Fixed Stars, published in vol. 

xvi of the Proc. Amer. Acad., 1880. 
6. W. A. RoGEerRs, Standards of length, published in vol. xv of the 

Proc. Amer. Acad., 1880. 

Poot 

CAMBRIDGEPORT, Mass. 

Private Observatory. 

Longitude from Washington, 23" 49° E., approximately. 

Latitude, 42° 21’ 56” N., approximately. 

Director: K. F. SAWYER. 

For the past four years the director has been principally engaged in 

recording meteoric observations, having published from time to time lists 

of bright meteors, stationary meteors, meteor showers, c., and has also 

compiled two catalogues of ‘ Radiant points of meteors,” deduced from 

some 1,100 or 1,200 meteor tracks. Has also collected a series of obser- 

vations on the variable stars o Ceti, ; Aquila, & Lyre, 6 Cephei, and 

o Scuti, &c., and, under the head of miscellaneous phenomena, has swept 

‘some for comets, &c. Observations have been published in the Astr, 

Nachrichten, Observatory, Monthly Notices, Science Observer, American 

Journal of Science, &e. During the coming year, generally the same 

field of observation will be occupied. Telescopic observations have been 

principally made with a 32 inch BORDAN, on portable equatorial stand 

with divided circles, but no clock-work. 
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CHICAGO, Cook County, Illinois. 

Dearborn Observatory. 

Longitude from Washington, 42™ 148.69 W. 
Latitude, 41° 50’ 1” N. 

Directors: T. H. SAFFORD, 1865; 
G. W. HoueH, 1875. 

Annexed to the University. Founded by subscription in 1822. In 

1864 it came into possession of an equatorial of 184 inches (0™.47) aper- 

ture, made by ALVAN CLARK, with the assistance of which S. W. 

BURNHAM has made a close and most interesting study of many double 

stars. 

INSTRUMENTS: 

(a) Meridian circle: makers, REPSOLD & Son; diameter of circle, 40 

inches; divided to 2’; read by 4 microscopes to 0/’.1; aperture of object- 

ive, 6 inches; for observations of the sun, aperture employed, 3 inches. 

(c) Equatorial instrument: makers, ALVAN CLARK & Sons; aperture 

of objective, 18$ inches; magnifying powers of eye-pieces, positive, 120, 

190, 287, 385, 900; negative, 135, 225, 450, 900. 

(f) Chronograph: G. W. HouGH; cylinder recording. 

(g) Clocks: one mean time; makers, HOWARD & Co.; GRAHAM escape- 
ment, mercury pendulum: one sidereal: makers, CHARLES GORTNER & 
Co., London; GRAHAM escapement, mercury pendulum. 

(h) Chronometer: sidereal; makers, BOND & Son. 
(i) Miscellaneous: signal mean time clock for transmitting time sig- 

nals. | 
OBSERVATIONS DURING THE PAST YEAR (from January, 1880, to 

March 1, 1881): 

(a) REPSOLD meridian circle. Observations for “Time.” 

(c) Micrometer observations of the satellites of Uranus. Micrometer 
observations on the planet Jupiter. (1) Great red spot; longitude, lat- 

itude, length, breadth, &c. (2) Equatorial white spots; longitude, lat- 
itude, length. (3) Miscellaneous spots; longitude, latitude, length. 
(4) Position and magnitude of the equatorial belt. (5) Position and 

magnitude of the faint belts. (6) Physical observations. Comet obser- 
vations for positions. Miscellaneous work. 

WORK PROPOSED FOR THE COMING YEAR (1881): 
Satellites of Uranus. 

Jupiter continued. 

Miscellaneous. 

PRINCIPAL PUBLICATIONS OF THE OBSERVATORY DURING THE 
YEAR 1880: 

G. W. Houau, Report of the Director. Pamphlet. 

Satellites of Uranus. Astron. Nachr. 

Red spot on Jupiter. <Astr. Register. 

Observing seat for the equatorial. Monthly Notices. 
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ADDITIONAL INFORMATION: 

638 

The great equatorial has been used as heretofore by Mr. S. W. Burn- 

HAM for double-star observations. 

Report of S. W. Burnham. 

His report is appended. 

a | Number. 

Title. Published in— | Volume. 

An examination of the double star measures of 
the Bedford catalogue. 

The discovery of x Pegasi as a close double star. - 
‘Lheybinaryistar 6 Delphinis-coctass- cee ee soe sos 
New double star: ov AULi0)..5..72-sceccesececcees 
The multiple star, P. xxiii, 100 (02 496) -.......--. 
iNotesioni double: stars: 2. c--scc. sco seca visweccccee 
Newsdouble/star Ov ersels..-ccrccescecceceemecces 
¢ Lyre 
40 Leonis Minoris, new double..-.-.........-...--. 
New double star, 9 Persei.........--2<.....0------ 
The double star, = 2318 
The double star, = 2789 
yw} Aquarii 

Measures of the companion of Sirius. .-.-...--. 

The double star, 85 Pegasi (8 733) 
¢ Sagittarii 
6 Equulei (OS 535) 
OSS RAY eine) OS Y/6 -SosnboapucooEcoocb ay OaddnuonagOnS 

Monthly Notices of. the | 
Royal Astronomical 
Society. 

Monthly Notices........ 

ee (1G) SASGanceacpeeocee 

Astronomische 
richten. 

Nach: | 

| 9319, 2334 

XLI 
XLt 
IIL | 
IIL 
IIL 
IIL 
Vi 

XVII 
XVIII 
xX VIIT 
XVIII 
XIX 

“Number. 

2314 

2338 
2340 
2341 

The observations during the year comprise about 800 micrometrical 
measures of previously-known double stars, and the discovery of about 

70 new pairs, the most of which have been measured on three or four 

different nights each. A number of prominent naked-eye stars, some 

of which are mentioned in the contributions to astronomical periodicals, 

are included in the list of new stars. Careful series of measures of many 

of the most difficult of the binary systems have been made, and partic- 

ularly those requiring a large aperture from the extreme closeness of the 

components, or the faintness of the companion star. 

CINCINNATI p) 
Ohio. 

Cincinnati Observatory (2). 

Longitude from Washington, 29" 46%.85 W. 

Latitude, 39° 6/ 26”.5 N. 
Director : ———? 

CLINTON, Oneida County, New York. 

Litchfield Observatory of Hamilton College. 

Longitude from Washington, 6™ 34°.60 E. 

Latitude, 43° 3/17” N. 
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Authority for longitude: Longitude telegraphically determined from 

Cambridge, Mass. Latitude by stars in prime vertical. 

Director: C. W. F. PETERS. 
Founded in 1852, by subscription; completed in 1855; central edifice 

with wings east and west. Forty-two planetoids have been discoy- 

ered here. 

INSTRUMENTS: 
(b) Meridian transit instrument: maker, W. WURDEMANN, Washing- 

ton, D. C.; aperture, 24 inches; magnifying power, — diameters. 

(c) Equatorial instrument: one made by SPENCER & EATON; aper- 

ture of objective, 154 inches; magnifying powers of eye-pieces, 80 to 

1600. (c’) One by STEINHEIL SONS; aperture, 4 inches. (c’’) One by 
HuGo SCHRODER; aperture, 5 inches. 

(ad) Spectroscope: one direct vision 5 prisms; attached to the 4-inch 

STEINHEIL refractor. 
(f) Chronograph: by WM. BOND & Son, Boston, Mass. 

(g) Clocks: mean time; makers, WM. BoND & SON. 

(h) Chronometer: sidereal; makers, WM. BonD & SON 

OBSERVATIONS DURING THE PAST YEAR: 
(b) (b’) Determination of time. 
(c) Observations of minor planets, comets, &c.; positions of fixed 

stars determined in zones; charting. 
(c’) (e’) Practicing by students of astronomy. 

WORK PROPOSED FOR THE COMING YEAR (1881): 
Continuation of work of preceding years. 

CoLuMBIA, Boone County, Missouri. 

The Laws Observatory, University of the State of Missouri. 

Longitude from Washington, 1" 1™ 6° W. 

Latitude, 38° 56’ N. 
Authority for latitude and longitude: JOSEPH FICKLIN and THOMAS 

J. LOWRY. 
Director: JOSEPH FICKLIN. 
Assistants: THOMAS J. LOWRY, 

Wm. A. CAUTHORN. 

INSTRUMENTS: 
(a) Meridian circle: one; maker, BRUNNER, of Paris; diameter of 

circle, 10$inches; divided to 5’; read by two microscopes to 3’; aperture 

of objective, 27; inches; for observations of the sun, aperture employed, 

2-1; inches; magnifying power ordinarily employed, 50 diameters. 

(c) Hquatorial instruments; one made by HENRY F17z, of New York; 

aperture of objective, 4;!; inches; magnifying powers of eye-pieces, 30 to 



240: one made by MERZ & Son, of Munich; aperture of objective, 74 
inches; magnifying powers of eye-pieces, 80 to 1018. This instrument 

is furnished with a micrometer, reflecting prisms, and sun-shades. It is 

driven by clockwork. The hour circle is 10 inches in diameter. It is 

graduated on silver to single minutes, and reads by two verniers to 

4 seconds of time. The declination circle is 15 inches in diameter. It 

is graduated on silver to 10 minutes, and reads by two verniers to 10 

seconds of are. The finder was made by ALVAN CLARK & Sons, of Cam- 

bridgeport, Mass. It has an aperture of 1% inches and a focal length of 

174 inches. 

(g) Clocks: one mean time; maker, RiaGcs, of Philadelphia: one 
sidereal; makers, GREGG & Rupp, of New York. 

(i) Miscellaneous: The instrumental equipment includes also a sex- 
tant made by E. & G. W. BLunt, of New York; the arc is graduated 

on silver, and reads by a vernier and microscope to 10 seconds. An 

alt-azimuth instrument, made by E. & G. W. BLUNT; it has an aper- 

ture of 24 inches; the circles are 12 inches in diameter, and graduated 

to 10 minutes; the horizontal circle has four verniers with microscopes 

and the vertical circle two, and each reads to 10 seconds. A Transit 

theodolite, made by GREGG & Rupp, of New York. 

OBSERVATIONS DURING THE PAST YEAR: 
(a) The meridian circle has been used for time observations only. 

(c) (ec) Equatorial: Observations on HARTWIG’s comet; observations 

on SWIFT’S comet. 

WORK PROPOSED FOR THE COMING YEAR (1881): 

1. The ordinary work of instruction to classes in astronomy. 

2. Observations for time. 

3. Observations on such new planets and comets as may be announced. 

During February and March, 1880, the old observatory building, which 

stood a few feet west of the main university edifice, was moved and en- 

larged. It nowstands on the beautiful eminence in the campus near the 

chalybeate spring. The meridian line of each pier now passes between 

the university building and the president’s mansion. In this position a 

good horizon is secured. In the old position the horizon was obstructed 

on the north by the scientific building, and on the east by the university 

building. 

The old dome was found to be too small for the equatorial recently pur- 

chased, and a brick addition was made at the east end for the accom- 

modation of this instrument. The whole building is 63 feet long from 

east to west, and fronts east. 

The present greatly improved condition of the Observatory is due to 

the liberality of the president, Dr. 8. 8. LAws, who, for the advance- 

ment of astronomical science, has given to the university more than 

$2,000 in order to procure the telescope and put it in complete working 

order, and to move and enlarge the observatory building. 
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CoLumBus, Franklin County, Ohio. 

Private Observatory. 

Longitude from Washington, 23™ 54° W. 

Latitude, 40° 0/ 1.5 N. 
Authority for latitude and longitude: Coast Survey for State-house 

dome, a couple of miles or so distant. 

Director: R. W. MCFARLAND. = 

INSTRUMENTS: 

(c) Hquatorial instrument: makers, ALVAN CLARK & SONS; aperture 
of objective, 5 inches (nearly completed). 

(g) Clock: mean time; makers, PARKINSON & FRODSHAM. 

DUBUQUE, Lowa. 

Dubuque Observatory. 

Longitude from Washington, 54™ 278.61 W. 
Latitude, 42° 29’ 38” N. 

hocaeis for latitude and longitude: Bomneler, line between the 

States of Illinois and Wisconsin, projected through the city of Dubuque; 

and telegraphic record of star transits at Ann Arbor and Dubuque. 

Director: ASA Horr, M. D.—Under the supervision of Prof. J. C. 
WATSON, in 1865. 

INSTRUMENTS: 

(b) Meridian transit instrument: maker, WM. WURDEMANN, Wash- 
ington, D.C. Aperture, 14 inches; magnifying power sufficient to note 

time by stars of the 10th magnitude. Finding circle, 44 inches diam- 

eter, reading by verniers and lenses to half a minute of are. The pier 

extends 17 feet into the ground, through clay to gravel; it is 7 feet 6 

inches diameter at base, 3 feet at top, which is 4 feet above the surface ; 

is surrounded by a brick wall, 8 inches from the stone shaft, the space 
between (at the surface of the ground) being stuffed with oakum. The 
Y’s rest on thin brass supports on the top of stone pillars, instead of the 

iron frame which acme with the instrument. 

(g) Clock: mean time; makers, HowARD & Co., Boston. Tower 
clock, reliable to less than a second a day through all extremes of tem- 

perature. 

(h) Chronometer: mean time; maker, K. ZIMMERMAN, Liverpool, Eng- 
land. 

Work: The transit instrument was erected, and has been used almost 
exclusively for the determination of local time. 
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ELIZABETH, Union County, New Jersey. 

Observatory. 

Longitude from Washington, 11™ 228.2 FR, 
Latitude, 40° 40/ 19” N, 
Authority for latitude and longitude: United States Coast Survey. 
Director : CHARLES W. PLYER. 

INSTRUMENTS : 
(>) Meridian transit instrument: makers, JOHN BLIss & Sons, New 

York; aperture, 1 inch; magnifying power, 10 diameters. 
(c) Equatorial instrument: maker, HENRY G. Frrz; aperture of ob- 

jective, 64 inches. Nine eye-pieces, from 50 to 630. 

FORDHAM, New York. 

Private Observatory. 

Longitude from Washington, 12™ 40°.47 KE. 

Latitude, 40° 52’ 31.3 N. 
Latitude and longitude deduced from Coast Survey map of 1865 and 

American Ephemeris 1879, assuming the latitude and longitude of New 

York, given in the Ephemeris, to be the latitude and longitude of the 

City Hall. 

Director : WILLIAM MEIKLEHAM. 

INSTRUMENTS: 

(c) Equatorial instrument: maker, JOHN BYRNE, of New York; aper- 

ture of objective, 4,3, inches; focal distance, 65 inches ; magnifying pow- 

ers of eye-pieces, 20, 30, 45, 60, 80, 150, 250, 300, 350, and 450; also an 

amplifier which doubles each of these powers when used. Attached to 

the telescope is a finder of 14 inches aperture, magnifying 20 diameters. 

Right ascension circle divided to read to 4 seconds of time; declination 

circle divided to read to 1/ of are. Both circles divided on silver and 

read by microscropes attached thereto. Driving-clock. 

(d) Spectroscope: one. 

(g) Clock: mean time; maker, SETH THOMAS, SONS & Co. 

(i) Miscellaneous: Filar micrometer; divided on silver to measure 45” 

of are in distance, and 6/ in position, with suitable eye-pieces and illu- 

minating apparatus. 

Fort DopGE, Webster County, Lowa. 

Longitude from Washington, 1° 8".5 W. 

Latitude, 42° 30’ N. 
Authority for latitude and longitude: I. HEss. 
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Dira:tor : F. HESs. 

Assistant: Mrs. P. B. HEss. 

INSTRUMENTS: 

(b) Meridian transit instrument: makers, J. BRowN & Son, New 
York; aperture, 1 inch; magnifying power, 104 diameters, with hori- 

zontal and vertical circle, each reading to 1. 

(c) Equatorial instrument: aperture of objective, 23 inches; for ob- 

servations of the sun, aperture employed, 23 inches; magnifying power 

ordinarily employed, 50 diameters. 

(g) Clock: mean time; maker, G. M. WHEELER, Elgin, III. 

(i) Miscellaneous: one TROUGHTON sextant and artificial horizon. 

OBSERVATIONS DURING THE PAST YEAR (from January 1, 1880, 
to January 1, 1881): 

No change in the personnel nor addition to the scant equipment of 

this station, which can hardly be called an observatory, has been made 
since last report. 

Sun-spot observations have been continued throughout the past year, 

and many spots have been recorded. The new variable star + Cephei has 

been observed a few times, and the space between f Polaris and ¢ Cas- 
stopewe was frequently searched for other variables. In the course of 

hap-hazard searches for comets, two nebulz were found, which may pos- 

sibly be variable, since they are not given on charts and lists containing 

much fainter ones not visible at all with my highest magnifying power 

of 50 times. One of these nebule is located in approximate R. A. 21% 

21™ Dec. + 11° 50’, the other in R. A. 16" 15™ Dec. — 1° 22’, as esti- 
mated by the eye (unaided by position circles) from neighboring stars. 

Preparations had been made to observe the occultation of the planet 

Mars occurring here in the afternoon of March 17, but that day having 

been cloudy here, the observation could not be made. On the 10th of 
March at 45 20™ p. m., after having found that planet with his small 

transit, and knowing its exact position, viz: Az. S. 60° E., Alt. 57° 18’, 

the director, his wife, and two of his children could distinctly see it with 
the naked eye in broad daylight. 

Many meteors and several extensive zodiacal lights and two very fine 

auroral displays have been recorded. 

During December, 1880, and January, 1881, many extraordinary 

parhelie and lunar halos, and on several occasions similar phenomena 

produced by the planet Venus, also have been observed here. 

Nothing beyond short notices in our local newspapers and an occasional 

article in the Fort Dodge Messenger on current astronomical events of 

general interest has been published by me during the past year. 

The work laid out for the present year consists in a continuation of 

the former miscellaneous observations and the special observations of 

the local times of the following phenomena: 

1. Beginning of the partial eclipse of the sun, May 27, 1881. 

2. The various phases of the total eclipse of the moon, June 11, in- 
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cluding the occultations of b Ophiuchi by the partially-eclipsed moon, 
and of c’ Ophiuchi by the totally-eclipsed moon. 

3. The first and second contacts at ingress of the transit of Mercury, 
November 7. 

4, Close approaches of planets to prominent stars. 

GEORGETOWN, District of Columbia. 

Observatory of Georgetown College. 

Longitude from Washington, 6°.2 W. 

Latitude, 38° 54’ 26.2 N, 
Director : (?) 

GLASGOW, Howard County, Missonri. 

Morrison Observatory. 

Longitude from Washington, 12 5™ 58.93 W. 

Latitude, 39° 16/ 16.75 N. 

Authority for latitude and longitude: Longitude, exchange of clock 

signals with the Naval Observatory in June and July last, 5 nights. 

Latitude, from cireumpolar stars observed on meridian circle. 
Director: C. W. PRITCHETT. 
Assistants: 1. H. 8. PRITCHETT, in charge of meridian circle. 

2, C. W. PRITCHETT, jr: 

INSTRUMENTS: 
(a) Meridian circle: one; makers, TROUGHTON & SruMs; diameter 

of circles, 24 inches; divided to 5’; read by 4 microscopes to 1’’; aperture 
of objective, 6 inches; for observations of the sun, aperture employed, 

4 inches; magnifying power ordinarily employed, 200 diameters. 

(c) Equatorial instrument: makers, ALVAN CLARK & SONS; aperture 

of objective, 124 inches; magnifying powers of eye-pieces, 50 to 1200. 

(f) Chronograph: one. 

(g) Clock: sidereal; maker, CHARLES FRODSHAM, London. 

(h) Chronometer : sidereal; maker, T. 8. & J. D. NEGUS, New York. 

(i) Miscellaneous: Alt-azimuth, by L. P. CASELLA, London; comet- 

seeker, by ALVAN CLARK & SONS. 

OBSERVATIONS DURING THE PAST YEAR (from January 1, 1880, 

to January 1, 1881): 

(a) Observations for time; comparison stars ; systematic work de- 

ferred for a time. ; , 
(c) (c') Observations of double stars; micrometric measures of pairs 

specially needing observations; observations of planets and comets. 
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(i) Meteorological observations made three times each day. <A time- 

ball is dropped daily at Kansas City, 105 miles west of the observatory, 

at mean noon of Kansas City. Clock signals are also sent to the Union 

Depot, Kansas City, daily at 4 p. m. 

WoORK PROPOSED FOR THE COMING YEAR (1881): 

1. Continuation of the double-star measures. 

2, Continuation of the observations of planets and comets. 

3. Such meridian work as our time may allow and our wants may 

require. 

PRINCIPAL PUBLICATIONS OF THE OBSERVATORY: 

C. W. PritcHetrT: Red spot on Jupiter; published in Monthly 

Notices. 

©. W. PRITCHETT: Method of observation of red spot on Jupiter; 

published in Astr. Nach. 

H.S. PrircHerr: Discussion of measures of diameters of Mars; 
published in Astr. Nach. 

H. S. PRitcHETT: Discussion of observation on red spot on Jupiter; 
published in Proc. Am. Assoc. 

H.S. PrRircHetr: Observations comet (d); published in Astr. Nach, 
H. 8. PrRitcHErT: Observations comet (e); published in Astr. Nach. 

HANOVER, Grafton County, New Hampshire. 

Shattuck Observatory. 

Longitude from Washington, 19™ 38.56 E. 

Latitude, 43° 42’ 152 N. 

Authority for latitude and longitude, Prof. C. A. YOUNG. 

Directors: C. A. YOUNG, 1853; 
‘CHARLES F, EMERSON, A. M., 1878. 

Assistants: 1. GEORGE OTIS MITCHELL ; 

2. DANA CHASE BARBER ; 

3. SIDNEY BATES Capy. 

Founded in’1853, through the liberality of G. SHATTUCK. Consists 

of a west rotunda and three additions. It has double brick walls and 

an air-chamber with a space of six inches (0™.15) between the walls. 

INSTRUMENTS : 

(a) Meridian circle: makers, TROUGHTON & Simms; diameter of 
circle, 30 inches; divided to 5’; read by reading microscopes to 1’, and 

micrometers to single seconds; aperture of objective, 4 inches; mag- 

nifying power ordinarily employed, 120 diameters. 

(c) Equatorial instrument: makers, ALVAN CuUARK & SONS; aper- 
ture of objective, 9.25 inches; magnifying powers of eye-pieces, 100 to 

1200, 20 in number. 
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(d) Spectroscopes: large 9-prism CLARK spectroscope; seven prism, 

double acting (equivalent to 13 prisms), fitting equatorial mentioned 
above. 

(f) Chronograph : BOND’S spring governor. 

(g) Clocks: one mean time; makers, U1zSCHNEIDER & FRAUEN- 

HOFER, connected with chronograph: one sidereal; makers, Urz- 

SCHNEIDER & MAHLER, of Munich, connected with chronograph. 

(t) Miscellaneous : Comet seeker, aperture 3.6 inches, mounted on 

large tripod ; small portable telescope, aperture 3 inches; zenith sector, 

loaned by Coast Survey, aperture 4 inches; full set of common meteoro- 

logical apparatus, including a recording barometer; sextant by HARDY, 

of London. 

OBSERVATIONS DURING THE PAST YEAR: 

(a) For time and latitude. 

(d) Class illustration on reversal of lines, and for prominences. 
(t) Meteorological observations 3 times per day; sun-spot observa- 

tions since September 1, 1879. 

WORK PROPOSED FOR THE COMING YEAR (1881): 

Similar work, with special attention to sun spots, prominence, We., 

and spectroscopic observations. 

HASTINGS, Westchester County, New York. 

Private Observatory. 

Longitude from Washington, 12™ 425.7 E. 

Latitude, 40° 59/ 25” N. 

Authority for latitude and longitude: Coast Survey. 

Director: HENRY DRAPER. 

Assistant: A. HOFBAUER. 

INSTRUMENTS: 

(b) Meridian transit instrument: makers, STACKPOLE & BROTHER; 

aperture, 2 inches; magnifying power, 45 diameters. 

(c) Equatorial instruments: one reflector, 28 inches aperture, made 

by Henry DRAPER; (c’) one refractor, 11 inches aperture, by ALVAN 

CLARK & Sons, with photographic corrector. 

(d) Spectroscopes: 1 diffraction, 1 stellar photographic, 1 automatic, 

&e. 

(f) Chronograph: one made by HENRY DRAPER. 

(g) Clock: one mean time; maker, HOWARD. 

(h) Chronometers: one mean time; maker, NeGus: one sidereal ; 

maker, NEGUS. 

(i) Miscellaneous : Altitude and azimuth reflector of 154 inches aper- 

ture. 

S. Mis. 31——41 
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OBSERVATIONS DURING THE PAST YEAR (from January to 

December): 

(c) Stellar spectrum photographs, with 28-inch reflector of « Lyra, a 

Aquile, « Bootis, « Scorpionis, Capella, Jupiter, Mars, &e. 

(¢) (e’) Photographs of the nebula in Orion, with 11-inch photographic 

telescope, the first ever taken, and requiring an exposure of 51 minutes. 

WORK PROPOSED FOR THE COMING YEAR (1881): 

Continuation of the above, with a series of experiments in physics as 

bearing on astronomy, in the new astro-physical laboratory in New York; 

the latter experiments especially directed to the presence of the non- 

metals in the sun The town laboratory is furnished with a siderostat 

with 93-inch mirror, a gas engine of 4-horse power, 4 dynamo-electric 

machines, induction coils and spectroscopes, &c., suitable for the 
research. 

HaVERFORD COLLEGE, Montgomery County, Pennsylvania. 

Haverford College Observatory. 

Longitude from Washington, 6™ 598.33 E. 

Latitude, 40° 0 36.5 N. 

(Triangulations from United States Coast Survey stations give: 

Longitude, 5" 1’ 11.62; latitude, 40° 1’ 49’’.73.) 
Director : ISAAC SHARPLESS. 
Assistant : WILLIAM BISHOP. 

INSTRUMENTS: 

(«) Meridian circle: one; diameter of circles, 26 inches; divided to 

15’; read by 4 microscopes to 2/’; aperture of objective, 4 inches 

(c) Equatorial instrument: makers, HENRY FITZ, re-worked by CLARK; 

aperture of objective, 84 inches; magnifying powers of eye-pieces, 60 

to 800. 

(f) Chronograph: BOND’S magnetic. 

(g) Clocks: one sidereal; maker, LUKENS: one sidereal; PESTS HAR- 

PER; mercurial compensation. 

(() Zenith instrument: aperture, 24 inches: rejuvenated by FAUTH 

& Co., and to be set up as soon as addition is built to observatory, to 

determine our latitude. 

OBSERVATIONS DURING THE PAST YEAR (from 9 mo., 1st, 1880, to 

3 mo., 1st, 1881): 

(a) Time observations. 

(c) (¢) Phenomena of Jupiter’s satellites; occultations by moon; 
double-star measures. . 

WORK PROPOSED FOR THE COMING YEAR (1881-’82): 

Continuation of the above. 
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Hupson, Summit County, Ohio. 

Hudson Observatory. 

Longitude from Washington, 17™ 328.06 W. 

Latitude, 41° 14’ 42.6 N. 

Authority for latitude and longitude : Professor ELIAS Loomis, LL. D. 
Director, CHARLES J. SMITH. 

INSTRUMENTS: 

(a) Meridian circle: one; maker, Stuus, of London; diameter of 

circles, 18 inches; divided to 5’; read by 3 microscopes to 1//; aperture 

of objective, 5 inches. 
Equatorial instrument: one; maker, SimMs; aperture of objective, 4 

inches; magnifying powers of eye-pieces, 50, 100, 150, 250, 350. 

Clock: sidereal; maker, MOLINEUX; mercurial pendulum. 

OBSERVATIONS DURING THE PAST YEAR: 

No systematic course of observations pursued. Instruments used 

only for purposes of instruction. 

Iowa City, Johnson County, Iowa. 

Private Observatory. 

Longitude from Washington, 57™ 52s W. 

Latitude, 41° 39/.8 N. 
Authority for latitude and longitude: Observations made at 

observatory during the past eleven years. 

Director: C. W. IRISH. 
Assistants: Mrs. C. W. IRISH; 

Miss Lizzi IRISH; 

Miss RutH IRisH; 

Dr Cc. M. HOBBY. 

INSTRUMENTS: 
(b) Meridian transit instrument: a small one made by the director 

himself; aperture, one inch; magnifying power, 11 diameters. 

(c) Equatorial instrument: maker, CHEVALIER, Paris; aperture of 

objective, 4 inches; magnifying powers of eye-pieces, 25 to 300. 

(f) Chronograph: a Morse register. 

(g) Clock: one mean time; beating three-quarter seconds: of German. 

make. 

ao 7 2 

WORK PROPOSED: 

Observation of the coming transit, ef Mercury, if business: occupa- 

tions permit. 
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LAWRENCE, Douglas County, Kansas. 

Observatory connected with Kansas State University. 

Longitude from Washington, 1" 12™ 478.9 W. 

Latitude, 38° 57/15” N. 

Authority for latitude and longitude: FRED. W. BARDWELL, late 

professor of astronomy, Kansas State University. 

Director: H.S. 8. SMITH. 

INSTRUMENTS: 

(b) Meridian transit instrument: makers, STACKPOLE BROS.; aper- 

ture, 24 inches. 

(g) Clocks: one mean time; makers, E. Howarp & Co., Boston 
(medium): one sidereal; maker, BROCKBANKS, London (old). 

(h) Chronometer: sidereal; makers, T. S. & J. D. NEGus, New York 

(good). 

(i) Miscellaneous: Sextant, by GAMBEY; comet-seeker, 6-inch object 

glass. 

OBSERVATIONS DURING THE PAST YEAR: 
(b) (b’) Time. 
(7) Instruction. 

WORK PROPOSED FOR THE COMING YEAR (1881): 

Time observations and instruction. 

Linwoop, Hamilton County, Ohio. 

Private Observatory. 

Longitude from Washington, 2 

Latitude, 2 

Situated about one mile E. by S. from Cincinnati Observatory. 

Director: R. H. McCLuRE. 

INSTRUMENTS: 

(c) One equatorial silvered glass Newtonian reflector. Diameter of 

the concave reflecting objective, 54 inches; magnifying powers of the eye- 

pieces, 60, 100, and 200 diameters. The mirror, tube, and mounting all 

constructed by Mr. McCLurReE himself. 

OBSERVATIONS DURING THE PAST YEAR (from February 8 to 

November 30, 1880) : 

(c) Sun-spots, Facule, Jupiter, Saturn, &c. Special attention given 

to Jupiter, of which a few rough sketches were made. 

WORK PROPOSED FOR THE COMING YEAR (1881): 

Same as above; will also observe the transit of Mercury. Will at- 

tempt to make a mirror of larger aperture, if the time can be spared 

from regular avocations. 
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MADISON, Dane County, Wisconsin. 

The Washburn Observatory. 

Longitude from Washington, 49™ 253.8 W. 
Latitude, 43° 4’ 36.7 N. 

Authority for latitude and longitude: A pier of the United States 
Coast and Geodetic Survey, about 500 feet from the observatory, has 
been connected by a triangulation with the transit-room, and the posi- 
tion given refers to the center of the transit circle. 

Director: EDWARD S. HOLDEN, 

Assistants: S. W. BURNHAM; 

G. C. COMSTOCK ; 

F. W. WINKLEY. 

The main Observatory consists of a dome for the equatorial, which is 

mounted, of a transit-room now ready for the REPSOLD circle, and of a 
director’s room. A library and additional rooms are now building, as 
an east wing to the main building. A small student’s observatory, built 

by Professor WATSON, contains a transit room for the Fauth transit, and 

a dome large enough for an 8-inch equatorial. The WATSON Solar Ob- 

servatory is still unfinished. The building will probably be finished 

during the year. 

INSTRUMENTS: 

The following will be ordered in 1881 : 

(a) A meridian circle: maker, REPSOLD & BROTHER, Hamburg; diam- 

eter of circles, about 50 inches; divided to 2’; read by 4 microscopes to 

1”, Aperture of objective, 4.8 inches; for observations of the sun, aper- 

ture employed, — inches; magnifying power ordinarily employed, — 

diameters. 
The following instruments have been ordered : 

(b) Meridian transit instrument: makers, FAUTH & Co., Washing- 

ton; aperture, 3 inches; magnifying power, 60 and 120 diameters. This 

will have two 12-inch circles divided on the edges: one circle to 10”, 

the other for setting only. The fine circle has a level for latitude. 

(c) Equatorial instrument: makers, ALVAN CLARK & SONS; aper- 

ture of objective, 15.5 inches; magnifying powers of eye-pieces, 140 to 

1200. 

(f) Chronograph: a chronograph by FAuTH & Co., with a conical 

pendulum, is provided. 

(g) Clocks: one mean time; makers, SetH THOMAS CLOCK COMPANY: 

one sidereal; maker, Homwu, of Amsterdam. 

(h} Chronometers: one sidereal, maker, BLIss, No. 2786; one sidereal 

break-circuit, BLIss, No. 2791. 

OBSERVATIONS DURING THE PAST YEAR (from January, 1580, to 

_ January, 1881): 

(c) A coast survey transit (since removed) was used in the prime ver- 
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tical on one night by Mr. Comstock, and the latitude of a pier 40 

feet north of the transit circle piers was found to be + 43° 4! 37/.77 + 

OM or 

WORK PROPOSED FOR THE COMING YHAR (1881): 

The equatorial, with Messrs. HOLDEN & BURNIAM as observers, will 

begin a series of zone observations on the plan of HERSCHEL’S sweeps. 

The 3-inch transit will be used by Mr. Comstock for time observations, 
and Polaris and the Sun will be observed at every culmination with 

time stars. 

ADDITIONAL INFORMATION: 

It is hoped to commence the printing of the publications of the Wash- 

burn Observatory during the year. No. 1 will be a description of the 

Observatory and its history up to January 1, 1881, together with the 

Reduction Tables prepared by the late director, Professor WATSON. 

No. II will contain Burnham’s General Catalogue of Double Stars. No. 

I of the Contributions has already been printed, and contains a list of 

new nebule and double stars. 

Mount HAMILTON, Sania Clara County, California. 

Lick Astronomical Department of the University of California. 

Longitude from Washington, 2" 58™ 148.6 W. 

Latitude, 379 21’ 3” N. 

Director: Not yet appointed. 

INSTRUMENTS : 

In process of construction. 

WORK PROPOSED FOR THE COMING YEAR (1881): 

Erection of small Observatory to accommodate the DRAPER 12-inch 

equatorial (CLARK & Sons) and time instruments (FAUTH). These are 

to be set up by Professors E. S. HOLDEN and 8. W. BURNHAM in Octo- 
ber, and used to observe the transit of Mercury. 

ADDITIONAL INFORMATION: 

From the report made to the trustees of the James Lick Trust, by 

Prof. 8S. W. BURNHAM, the following information is gathered respecting 

the situation and elevation of Mount Hamilton, upon which the Lick 
Observatory is to be erected: 

“The city of San José, the nearest point of railroad connection from 

Mount Hamilton, is 50 miles south of San Francisco. Mount Hamilton, 

by the highway, is 26 miles from San José, nearly east, and is reached 

by a good road constructed two or three years since by the county of 

Santa Clara. In order to keep the grade within the limit of six feet in 

one hundred, the last portion of the road is carried up the ridges of the 

mountain by a circuitous route. The distance between the observatory 

and San José, in an air-line, is only 13 miles. 
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“The approximate geographical of the Observatory Peak is: Longi- 

tude, 121° 36’ 40” W.; latitude, 379 21/ 3/".N. 

‘The elevation of this point is 4,250 feet above the level of the sea. 

The north peak, which is about three-fourths of a mile distant, is 140 

feet higher. There is a ridge between, along which is a good trail con- 

necting the two peaks. he sides of the mountain, in most directions, 

are very steep, and form an acute angle at the summit. The view from 

the peaks is unobstructed in every direction, there being no higher 

ground within a radius of 100 miles. In this connection the report ot 

Messrs. Herrmann bros., the engineers who surveyed the road, will be 

of interest : 

“<The scope of the horizon from Mount Hamilton takesin more ground, 

according to Professor Whitney’s judgment, tuan almost any similar 

peak in the Uniteu States, there being no obstruction to the view from 

any quarter. It is remarkably free from fogs and clouds, as we had 

ample occasion to observe during our last winter’s stay on the mountain 

when locating the road. The bearings of the most notable objects are 

as follows, the distances being taken, when out of our county, from our 

most reliable maps: 

Mem GeO may PT eba\ ci) (2, iat sree eo eeree sei S. 35° 5/ W., 195 miles. 

MoumbeEh ayer... i =/1 <2 - Bei Se, Tee nh tenet aneiagege S. 519 18’ W., 193 

Mount Poucher ..... ah NR ieee tener ste eens S380130! We (6) wee 

Block Mountain......... Ban reitnse sear: epee Aor raliee UY 

Mounielamalpais, 2-2-2) cie ln =e oo INZ510 20° We 6o) 

Mission Peak..... Bes hes Lae ae aan eA Oe INS 40°05 We On 

Mount Story -.. .-...- eae tascret aieaeaee nar .. N. 259 45’ W., 10¢ “ 

Momm Ge DIADLOL. so s6 2s. <-> ee icenineees N. 21° 45’ W., 393 “ 

lions SPiuehi Pi eee sep ounces Soomro oma ooo S. 379 1p oti 

Murphy's Peak... 2... tetasa) eee eee Seb aWelo 

‘‘¢None of these points reach the altitude of Mount Hamilton. Of 

those within a radius of 20 miles the Loma Prieta reaches 3,500 feet; 

Thayer 3,550, and Block Mountain 2,800. All the rest are between 

1,500 and 2,500 feet. Of the further peaks Mount Diablo is 3,856.” 

Mount Looxout, Hamilton County, Ohio. 

Cincinnati Observatory. 

Longitude from Washington, 29" 299.33 W. 

Latitude, 39° 8’ 20” N. vs 

Authority for longitude: Washington Observations for 1877, Appen- 

dix 1V. For latitude: preliminary reduction of unpublished observa- 

tions. 
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Directors: QO. M. MITCHEL, 1842; 
H. TWITCHEL, 1853; 

W. DAVIS, 1854 ; 

C. ABBE, 1859 ; 

ORMOND STONE, 1875. 

Assistant: HERBERT A. HOWE. 

Students: H. V. EGBERT, 

A. S. FLINT. 

Founded in 1842 by a society established for the purpose. The ground 

was donated by NIcHoLAS LONGWoRTH. A new observatory was 

erected in 1870. It owns an equatorial by MERZ and MAHLER, with 

an aperture of 11.8 inches=0"™.30. 

INSTRUMENTS : 

(b) Meridian transit instrument: makers, BUFF and BERGER; aper- 

ture, 3 inches; magnifying power, 100 diameters. 

(c) Equatorial instruments: one made by UTZSCHNEIDER and FRAUEN- 

HOFER; finished by MERZ & MAHLER; object-glass re-figured by AL- 

VAN CLARK & SONS; aperture of objective, 114 inches; magnifying 

powers of eye-pieces, 90 to 1400. (c’) One by ALVAN CLARK & Sons; 

aperture, 4 inches; magnifying powers, 15 to 250. 

(f) Chronograph: Bond. 

(g) Clocks: two mean time; makers, ROBERT MOLYNEUX, JAMES 
RITCHIE & Son. 

(h) Chronometer: sidereal; makers, WILLIAM BonD & Son. 

(i) Miscellaneous: Magnetic theodolite ; maker, GAMBEY. Sextant; 

makers, STACKPOLE & BROTHER. Inclinometer, time-ball, telegraphic 
apparatus, &e. 

OBSERVATIONS DURING THE PAST YEAR (from September 1, 
1879, to September 1, 1880): 

(b) Determination of time and latitude. 

(c) Micrometrical measurements of double stars. Observations of sun- 

spots. Determinations of positions of comets Hartwig and Pechiile. 

(c’) Approximate determinations of positions of stars south of 23° of 

south declination. (Continuation Argelander’s Durchmusterung.) 

WORK PROPOSED FOR THE COMING YEAR (1881): 

Continuation of Durchmusterung south of 23° of south declination. 

PRINCIPAL PUBLICATIONS OF THE OBSERVATORY DURING THE 
YEAR 1880: 

ORMOND STONE: Micrometrical measurements of 1,054 double stars, 
vol. v, Publications of Cincinnati Observatory. 

NASHVILLE, Davidson County, Tennessee. 

Private Observatory. — 

Longitude from Washington, 38" 568 W. 

Latitude, 36° 10/ 01” N. 
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Authority for latitude and longitude, United States Coast Survey. 
Director: E. KE. BARNARD. 

INSTRUMENTS: 

(c) Equatorial instrument: a simple equatorial; aperture of object- 

ive, 5 inches ; magnifying powers of eye-pieces, 52 to 520. (c’) A small 

23 inches alt-azimuth telescope with good rack-work; all the eye-pieces 
of large telescope fit it. 

(t) Miscellaneous : In use also a small instrument. The base of this 

instrument is divided to degrees and read by vernier to 3/ of are. An 

upright pillar carries a semi-circle of altitude ; this is divided to degrees 

and read to 3/ of are by a vernier. Attached to the semi-circle of alti- 

tude is an hour-circle divided to 4™ of time and read to single minutes 

by vernier. Upon the hour-circle rests a semi-circle of declination 

divided to degrees and read to 3’ of arc by vernier. On the base are two 

levels, the instrument being leveled by three adjusting screws, which 

also serve as feet. The declination semi-circle carries a very small tel- 

escope about .4 inch diameter of objective. The telescope has a diago- 

nal eye-piece with metal reflector and single lenses and vertical and 

horizontal hairs. The instrument was made by W. & 8. Jones, London. 

It is used for identifying stars in comet observations by setting the alti- 

tude semi-circle for the latitude, thereby converting the instrument into 

an equatorial. 

OBSERVATIONS DURING THE PAST YEAR: 

(c) (c’) Observations of the planets and comets. 

WORK PROPOSED FOR THE COMING YEAR: 

Continuation of the work of last year. 

PRINGIPAL PUBLICATIONS OF THE OBSERVATORY DURING THE 

YEAR: 

The only publications have been: Letters to the English Mechanie 

(London), Science (of New York), We. 

ADDITIONAL INFORMATION : 

Observations have been from June, 1880, to January, 1881. These 

observations have consisted chiefly in watching the changes on J upiter ; 

getting positions of comets, and making drawings of Saturn. From 

July 11 to January 7 about tifty transits of the great red spot on Jupiter 

recorded and some seventy-five sketches and drawings made of the con- 

figuration of his surface. Transits of a number of spots, &c., on Jupiter 

also observed. One black transit of Satellite III and four dark (brown- 

ish) transits of Satellite 1 also noted. 

A very good set of drawings made of the remarkable black Spots 

which broke out just north of Jupiter’s great equatorial band, in the 

latter part of October (1880). These drawings show the remarkable 

transformations of these spots until their finally encircling the planet 

with a beautiful scolloped belt. 

The comets of which positions have been obtained are Swift’s (the 

first position of this comet on October 21), and Pechiile’s. 
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NEw HAveEn, New Haven County, Connecticut. 

Winchester Observatory of Yale College. 

Longitude from Washington, 0% 16™ 30°.1 E. 

Latitude, 41° 18/ 36.5 N. 

Authority for latitude: Zenith-telescope observations in 185758. 

See Am. Jour. of Sci., vol. 30, p.52. Second series. (Coast Survey lati- 

tude 41° 18’ 40/’.67.) 
Authority for longitude: United States Coast Survey. 

President of board of managers: C. S. LYMAN. 

Astronomer in charge of horological bureau: Dr. LEONARD WALDO. 

Assistant astronomer : WILLIAM BEEBEE. 

Founded in 1850. Several instruments were presented by Messrs. 

SHELDON and W. HILLHOUSE. 

Directors: Ki. LOomMIs, 1831 ; 
D. OLMSTEAD, 1836, 

C. 8S. Lyman, 1847. 

INSTRUMENTS: 

(a) Meridian circle: makers, ERTEL & Sons, 1845. Formerly the 

property of the U.S. Naval Observatory. Altered by WILLIAM J. 

YOUNG, 1855, and regraduated 1876. Diameter of circles, 40 inches; 

divided to 2’; read by six microscopes to 1; aperture of objective, 3.8 

inches; for observations of the sun, aperture employed, 1.7 inches; 

magnifying power ordinarily employed, 190 diameters; focal length, 

58.2 inches. 

(b) Meridian transit instruments: one made by C. 8S. LYMAN, of 36-inch 

focal length; aperture, 2.6 inches; magnifying power, 185 diameters. 

Circle, 12 inches, reading to 10’ by verniers; it has declination microm- 

eter and fine level, for use as zenith telescope, made in 1852-53: one 
by TroucHton & Simms, London; aperture, 3.99 inches; magnifying 

power, 150-200 diameters; focal length, 5.108 feet. (b’) Combined 

transit and zenith telescope, of 36-inch focallength; aperture, 2.6 inches; 

power, 185 diameters; 12-inch circle, reading to 10” by verniers; decli- 

nation micrometer and sensitive level for latitude work; madein 185256: 

object-glass by Firz, design and mounting by C. 8S. LYMAN. 

(c) Equatorial instruments: makers, ALVAN CLARK & SONS; aper- 

ture of objective, 9 inches; magnifying powers of eye-pieces, 40, 80, 140, 

200, 280, 450, 620. (c’) Portable 42-inch refractor by Messrs. CLARK & 

SONS. 
(d) Spectroscope: by A. CLARK & Sons, of 7 prisms twice traversed. 

(f) Chronographs: one by A. CLARK & Sons, with conical pendulum ~ 

governor; another by WILLIAM Bonp & Son, Boston, with Bonn’s 
spring governor. 

(g) Clocks: one mean time; made by E. Howarpd & Co., Bosten; 

one by WILLIAM HILLHOUSE, New Haven: one sidereal; by WILLIAM 

Bonp & Son, Boston; one by APPLETON, London; one by EK. How- 

ARD & Co. 
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(h) Chronometers: one pocket chronometer, mean time; by JOHNSON, 
London: one sidereal; by PooLr, London, improved by Neaus, New 
York. 

(t) Miscellaneous: Two bifilar position-micrometers, one by DOLLOND, 

the other by FAutTH & Co., Washington, D. C.; a patent sextant and 

a patent reflecting circle, by Pistor & MARTINS, Berlin; repeating 

relays, sounders, We., for time service. Yale College has also in use a 

5-inch 10-foot refractor by DOLLOND; a sidereal clock and a 20-inch 

transit instrument, in charge of Professor LoomMIs. 

The horological bureau is a department of the Winchester Observa- 

tory, organized in January, 1880, with a special equipment of instru- 

ments for a regular and extended public time service. The standard 

time, by law of the State, is that of the meridian of the city hall, New 

York, which is 4™ 19’.6 slow of New Haven, and 12™ 105.5 fast of Wash- 

ington. Another important work of the bureau is the testing of watches 

and chronometers in the interest of the watch manufacture, for which 

hot and cold closets and other special facilities are provided. 

There is also connected with the Observatory a thermometrical bureau, 

in charge of Dr. WALDO, for the verification of clinical and other ther- 

mometers. It is amply furnished with the best standards, apparatus of 

comparison, and other facilities for this work. About 1,000 thermome- 

ters have been tested in the last six months. 
A. REPSOLD & Sons, of Hamburg, are constructing for the Observa- 

tory a heliometer of 6 inches aperture and embodying the latest improve- 

ments. It is to be finished during the year 1581. 

OBSERVATIONS DURING THE PAST YEAR (1880): 

(a) Besides the regular time-service and the thermometric work, a 

series of observations has been made, with interchange of the observ- 

ers, for determining telegraphically the difference of longitude between 

Cambridge and New Haven, the observers being Prof. WILLIAM A. 

RoaErs, of Cambridge, and Dr. WALDO, of New Haven. 

WORK PROPOSED FOR THE COMING YEAR (1881-82): 

The regular time and thermometric service, and the erection of a 

building for the heliometer, with preparation for observing the approach- 

ing transit of Venus, and for other work with this instrument. 

Newineaton, Hartford County, Connecticut. 

Private Observatory. 

Longitude from Washington, 21™ 25° E, 

Latitude, 41° 44’ 0” N. ; 

Authority for latitude and longitude: Difference from Hartford State- 

house, Coast Survey. 

Director: D. W. EDGECOMB. 
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INSTRUMENTS: 

(c) Equatorial instrument: Makers, A. CLARK & SONS; aperture of 

objective, 9.4 inches; magnifying powers of eye-pieces, various up to 

2,000. 

(g) Clock: Mean time; Swiss regulator, seconds. 

VI. ADDITIONAL INFORMATION: 

This Observatory consists of a small frame building, with dome 12 

feet 6 inches diameter, upon the grounds of the owner, covering an 

equatorial telescope. The latter rests upon a granite pedestal, weigh- 

ing about 1,500 pounds. The mounting is by YOouNG, of Philadelphia, 

and is of the best workmanship. The declination circle is 13 inches in 

diameter, reading by verniers to 10 seconds of are. The hour circle is 

10 inches diameter, reading by verniers to 4 seconds of time. The 

graduations are upon silver. The object-glass, tube, and finder are by 

A. CLARK & Sons. The aperture of the object-glass is 9.4 inches, with 

a focal length of 121 inche:, and is without doubt the finest specimen 

of the skill of Mr. ALVAN CLARK. Under the most rigid tests, its 

figure is found to approach very closely to absolute perfection. It is 

shown also by the vision it gives of the closest double stars and the 

faintest companions to bright stars hitherto discovered. Among the 

former, 7? Andromedae, 2 Cassiopew, and 7 Corone in its present position 

may be mentioned, and of the latter class, the companions to 7 Lyre, 

€ Aquille, « and p Hydre, the star closely following the attendant to 

Regulus, and under very favorable circumstances the 2’ companion to 

e Corone. The instrument has been used for general observations of 

the stars, moon, and planets, other occupations preventing the owner 

from carrying on at present any more regular work. 

NEw WINDSOR, Mercer County, Illinois. y] J) 

Observatory. 

Longitude from Washington, 53™ 408 W., approximately. 

Latitude, 41° 13’ N., approximately. 

Authorities for latitude and longitude: Director’s own observation, 
and from longitude of government arsenal at Rock Island, Il. 

Director: EDGAR L. LARKIN. 

Permanent Observatory, brick pier, and revolving dome. 

INSTRUMENTS: 

(¢) Equatorial instrument: makers, ALVAN CLARK & SONS; aper- 
ture of objective, 6 inches; magnifying powers of eye-pieces, 27, 60, 130, 

250, 300, 600, with prism and solar eye-piece. Two of the eye-pieces are 

GUNDLACH’S periscopie. 

(g) Clock: sidereal; ordinary clock. 

(t) Miscellaneous: Planisphere, charts, maps, and catalogues, 
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OBSERVATIONS DURING THE PAST YEAR (from January 5, 1880, 

when telescope was mounted, to February 23, 1881): 

(c) With high powers, doubles and variables; also observations on 

planets and on the sun, daily. 

WORK PROPOSED FOR THE COMING YEAR (1881): 

Variables, and comet seeking ; also, searching for nebule. 

PRINCIPAL PUBLICATIONS OF THE OBSERVATORY DURING THE 

YEAR: 
EpGArR L. LARKIN: Motion. Published in Kansas City Review, vol. 

ive Dal 0. 
Epe@ar L. LARKIN: Meteor Notes. Published in Science Observer, 

Boston, No. 28, p. 27. 
Current newspaper articles. 

New York, New York. 

Columbia College Observatory. 

Longitude from Washington, 16™ 298.9 KE. 

Latitude, 41° 18’ 36.5 N. 

Director : ———? 

New York, New York. 

Private Observatory. 

Longitude from Washington, 12™ 15*.47 E. 

Latitude, 40° 43/ 48/.53 N. 

Authority for latitude and longitude: United States coast surveying 

party (1859), with zenith telescope npon 24 pairs of stars, and telegraphic 

communication with Washington and Cambridge. 

Director: L. M. RUTHERFURD. 

Assistant : D. C. CHAPMAN. 

INSTRUMENTS: 

(b) Meridian transit instrument : maker, STACKPOLE; aperture 3 

inches. Only used for time. 

(c) Equatorial instrument : makers, Messrs. RUTHERFURD & FITZ; 

aperture of objective, 13 inches. The telescope has been employed 

mostly in photographing the san, moon, and groups of stars. 

(f) Chronograph : MORSE. 

(g) Clock: sidereal; maker, DENT. 
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NORTHFIELD, Rice County, Minnesota. 

Carleton College Astronomical Observatory. 

Longitude from Washington, 1" 4™ 238.85 W. 
Latitude, 44° 27/ 40.77 N. 

Authority for latitude: zenith telescope observations of 40 pairs of 

stars reduced to apparent places from Safford’s catalogue. 

Longitude depends on exchange of telegraphic signals between Coast 

Survey Office at Saint Paul and director at Northfield. 

Director: WILLIAM W. PAYNE. 
Assistant: C. W. BEERS. 

Completed in 1878. Attached to Carleton College central building, 

6 meters long, surmounted by a dome, with two wings, one used for 

meridian instruments, the other for the library. 

INSTRUMENTS: 

(b) Meridian transit instrument: makers, Messrs. FAutTH & Co.; aper- 

ture, 3 inches; magnifying powers, 60, 70, and 80 diameters. 

(c) Equatorial instruments: makers, Messrs. A. CLARK & SONS; aper- 

ture of objective, 8} inches; magnifying powers of eye-pieces, 50, 100, 

200, 400, 500. (¢e’) Portable equatorial: maker, JOHN BYRNE of New 
York; aperture of objective 4.5 inches. 

(f) Chronograph: one, made by A. CLARK & SONs. 

(g) Clocks: one mean time; makers, Messrs. E. HOWARD & Co., No. 

196: one sidereal; makers, Messrs. 1. HOWARD & Co., No. 195. 

(h) Chronometer: sidereal; makers, Messrs. Bonn & Sons, No. 374. 

(i) Miscellaneous: The Observatory has been favored by the loan of a 

good zenith telescope for several months from Lieut. EDWARD MAGUIRE, 

chief engineer in the department, with headquarters at Saint Paul. The 

large equatorial is provided with micrometer, with a full battery of eye- 
pieces. 

OBSERVATIONS DURING THE PAST YEAR: 

Class instructions and instrumental errors. 

(a) Transit used for time observations. Railroad time is given at 12 

o’clock, noon, to the Northwestern Telegraph Company for railroad com- 
panies of this and adjoining States. 

(b) Our time signal daily goes over 1,285 miles of wire. 

(c) (c’) Micrometrical measures of double stars. Positions of comets 

and asteroids. 

(c’) Small equatorial devoted to class instruction entirely. 

(t) Determination of latitude and longitude of the Observatory. 

WORK PROPOSED FOR THE COMING YEAR (1881): 
1, Time observations. 

2. Other work essentially as given above. 

ADDITIONAL INFORMATION: 
Printed matter from the Observatory has consisted of articles for the 
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daily papers of Saint Paul, Minneapolis, and Chicago. The Observa 
tory having no funds for publication purposes, could do nothing in this 
way thus far. 

(Near) OxForD, Lafayette County, Mississippi. 

Observatory of University of Mississippi. 

Longitude from Washington, 49™ 558.03 W. 

Latitude, 34° 22/ 12/64 N. 

| Authority for latitude and longitude: R. B. FuLTon. 

Director: Kk. B. FULTON. 

The Observatory was erected in 1876. 

INSTRUMENTS: 

(a) Altitude-azimuth: makers, LEREBOURS & SECRETAN; diameter of 

circles, 10 inches; divided to 10’; read by 4 microscopes to 10/’; aper- 

ture of objective, 14 inches. 

(b) Meridian transit instrument: makers, B. Pike & Sons; aperture, 
24 inches. 

(c) Equatorial instrument: niaker, MERZ, of Munich; aperture of 

objective, 44 inches; magnifying powers of eye-pieces, 96 to312 diameters. 

(d) Spectroscope: KIRCHOFF’S 4-prism table spectroscope. 

(g) Clock: mean time; makers, RircHre & Sons, Boston. 

(h) Chronometer: sidereal; makers, WILLIAM BoNnD & Son, Boston. 

WORK PROPOSED FOR THE COMING YEAR (1831): 

Determination of variation of magnetic needle in various places in 

this State. 

PHELPS, Ontario County, New York. 

Red House Observatory. 

Longitude from Washington 128 W. 

Latitude, 42° 58’ N. 

Director: WILLIAM Rh. BRooks. 

Assistant: Mrs. BROOKS. 

INSTRUMENTS : 

(c) A silvered-glass reflecting telescope of 5 inches aperture and 50 

inches focal length, mounted as a Newtonian on alt-azimuth stand. A 

2-inch reflector, 36 inches focus. Both made by the director. 

(g) Clock: mean time; makers unknown; marine. 

OBSERVATIONS DURING THE PAST YEAR (from January 1, 1550, 

to January 51, 1881): 

(a) Sun-spots were observed with the 5-inch reflector on February 6, 

8, 9, 22, 24; March 18 and 31; April 7, 12, and 28 (very large group) ; 
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May 1, 3, 11; September 12, largest group for many years, equal to 4 of 

he sun’s diameter ; October 3, and December 4. Drawings were made 

of the most remarkable spots. 

Hartwig’s comet was observed on October 2, the evening of the day 
of announcement; also on October 3, 4, 5, 6, 7, 8,9, and 10. On 3d 

instant it was in the same field with Alphecca. Swift’s comet was 

observed November 5 and 26, December 4. Owing to dense clouds 

Pennule’s or Pechiile’s comet was not seen until December 51, when 
it was quickly picked up with 2-inch achromatic in R. A. 19» 59™ 

N. Dee. 19° 23’. It was also seen January 1, 1881; January 2, 19, and 20. 

Preparations were made to observe the occultation of Mars, March 17, 
but clouds prevented ; also the partial eclipse of sun December 31, but 

observations were again frustrated by clouds. 

WORK PROPOSED FOR THE COMING YEAR (1881): 

Mainly comet seeking; solar phenomena and the planets will also 

receive attention. 

ADDITIONAL INFORMATION: 

Descriptive articles on HARTWIG’S, SWIFT’S, and PECHULE’S comets of © 

1880, also remarkable solar spots, have been published in one or more 

of the following papers: “Scientific American,” “Science Observer,” 

“Science,” “Rochester Democrat and Chronicle,” “ Geneva Courier,” 

“Phelps Citizen.” 

PHILADELPHIA, Pennsylvania. 

Central High-School Observatory. 

Longitude from Washington, 7™ 338.64 E. 

Latitude, 39° 57’ 7.5 N. 

Director : ———? 

POUGHKEEPSIE, Dutchess County, New York. 

Vassar College Observatory. 

Longitude from Washington, 12™ 38%.5 E. 

Latitude 41° 41/18” N. 

Director : MARIA MITCHELL. 

Observatory built in 1878. 

INSTRUMENTS: 

(a) Meridian circle: maker, YOUNG, of Philadelphia; aperture of ob- 

jective, 33 inches. 
(c) Equatorial instrument: object-glass by CLARK; aperture of ob- 

jective, 124 inches; magnifying powers of eye-pieces, 200 to 600+. 

(7) Chronograph: one. 
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(g) Clock: one, sidereal; makers, Bonn & Son. 
(4) One chronometer : mean time; makers, BLiss & CREIGHTON. 
(t) Miscellaneous: Small telescopes; one by CLARK & SONS; aper- 

ture, 3 inches. 
OBSERVATIONS DURING THE PAST YEAR (from 1880 to 1881) 

(a) Observations for the time. 
(c) Observations on Saturn. 
(¢) The sun is photographed on every fine day at noon. 

WORK PROPOSED FOR THE COMING YEAR (1881): 
(a) Observations for time. 
(c’) Observations on planets, especially Saturn. 
(i) Observations on sun-spots. 

PRINCETON, New Jersey. 

Observatories of the College of New Jersey. 

Longitude from Washington, 9™ 348.54 E. 

Latitude, 40° 20’ 57’.8 N. 
Director: C. A. YOUNG. 

The HALSTED Observatory, which was built in 1870, but never 
equipped, is being put in order for the reception of the great equatorial 

of 23 inches in diameter. This magnificent instrument, which is pro- 
vided for by the liberal subscriptions of friends of the college, is in pro- 

cess of construction by the CLARKS at Cambridgeport. The object-glass 

is completed, and is a very fine one; the mounting is well under way, 
and unless something unexpected occurs the instrument will be in posi- 

tion before JANUARY 1, 1882. The telescope will be occupied at first 

mainly with stellar spectroscopy; and a spectroscope is being con- 

structed for it by H1GER, of London, under the kind supervision of 

Mr. CHRISTIE, of the Greenwich Observatory. 

The Observatory of the Joun C. GREEN SCHOOL OF SCIENCE, which 

was erected and provided with instruments in 1877, remains substan- 

tially unchanged. A new 3-inch transit, by FAuTH was mounted in 

the west room in 1879, and the AYCRIGG transit was transferred per- 

manently to the prime vertical. A reflecting circle by PISTOR & MAR- 

TINS hais also been added, and a full set of meteorological instruments. 

The principal employment of this Observatory and of Professor 

Youn is in giving instruction in practical astronomy; a little scientific 

work has, however, been accomplished. During the winter of 187879 a 

telegraphic connection with Washington was effected, and six nights’ 

observations put the Princeton meridian circle 9" 34°. 54+ 08.02 east of 

the Observatory dome at Washington. During 1879 and 1880 five inde- 

pendent series of latitude determinations have been made by two dif- 

S. Mis. 31——42 
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ferent observers, Mr. M. McNEILL and Mr. A. S. FLrint, with three 

different instruments, the KAHLER transit and the FAUTH transit (used 

as zenith telescopes), and the prime vertical. The results agree re- 

markably well, all giving the latitude between 40° 20/ 57/’.76 and 46° 20/ 

57”. 81. The final result is 40° 20/57/79 + 0’. 04. In November, 1879, 

a series of micrometrical observations were made upon the planet Mars 

with the 94-inch equatorial, for the purpose of fixing its polar compres- 

sion, The reduction of the observations gives 31, for the value of this 

quantity: a result surprisingly accordant with that deduced theoreti- 

cally by ADAMS, on the supposition that the law of density of the planet 

is not very different from the earth’s. Both satellites were readily seen 

with the instrument, and this fact, with many others, goes to show that 

the telescope, the object-glass of which it will be remembered has the 

Gaussian curves, is one of the best, if not the best, of its size in exist- 
ence. 

Occasional spectroscopic observations have been made; especially a 

minute examination of the 70 dark lines in the solar spectrum given by 

ANGSTROM and THALEN as belonging to the spectra of two or more 

metals in common; indicating, according to Mr. LOCKYER’S ideas, the 

existence of some common constituent in the metals concerned, and so 

tending to show them to be really non-elementary. The examination 

was made in the summer of 1881 with an apparatus of unprecedented 

dispersive power, consisting of a RUTHERFURD grating of 17,000 lines 

to the inch, and collimator and telescope of about 4 feet focus. As a 

result, 56 lines of the 70 were found to be distinctly double or multiple; 
7 were doubtful, generally because they could not be certainly iden- 

tified, and 7 appeared to be single; 3 of the 7, however, while shown 

on the map aS common to iron and some other metal, are not so given 

in THALEN’S tables. On the whole, it is clear that the facts brought 

out do not favor LOCKYER’S hypothesis. 

One remarkable solar prominence was observed in October, 1881, 
which in an hour reached an elevation of 350,000 miles—the highest yet 

on record. 

The spectra of several comets have been observed, and some series of 

observations have been made upon their places which have been of use 

in computing their orbits. A few double-star measures have been 

taken; and observations were made upon the transit of Mereury in 

1878, the solar eclipse of last December, and sundry occultations. 

The solar eclipse of 1878 was observed at Denver by an expedition 

sent out from Princeton, under the direction of Professors BRACKETT 

and YOUNG, and its results were duly published in the American Journal 

of Science. 

Besides the members of the college classes, several others have 

availed themselves, for a longer or shorter period, of the opportunities 

at Princeton for the study of practical astronomy. 
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PROVIDENCE, Providence County, Rhode Island. 

Seagrave Observatory. 

Longitude from Washington, 22™ 348.51 E. 

Latitude, 41° 49/ 46.40 N, 
Authority for latitude and longitude: United States Coast Survey 

and ourselves, F. E. SEAGRAVE and LEONARD WALDO. 
Director: F. EK. SEAGRAVE. 

INSTRUMENTS: z 

(¢) Equatorial instrument: one equatorial; makers, ALVAN CLARK & 

Sons; aperture of objective, 84 inches; magnifying powers of eye- 

pieces, 93, 121, 184, 311, 571; negatives, 518, 116, 230, 335, 375; positive 

eye-pieces achromatic, 248. 
(d) Spectroscope: one by BROWNING, which consists of 4 whole and 2 

half prisms of 60°; flint glass; gives a dispersive power of ten prisms 

by reflection. 

Chronometer: sidereal; maker, ViCroR KULLBERG, London. 

OBSERVATIONS DURING THE PAST YEAR (from June 20, 1880, to 

December 31, 1880): 

1. Observations of 61 Cygni from June 20, 1880, to December 31, 1880, 

for the purpose of determining the amount of its proper motion. 

2. Observations of a few of BURNHAW’S double stars. 
3. A few observations of the position angles and distances of the 

satellites of Saturn. 

WoORK PROPOSED FOR THE COMING YEAR (1881): 

It is proposed this year to select some star in the northern hemisphere 

(as near the pole as possible) that has a large proper motion, and select 

two or three smaller stars that are in the same fieid of vision, and meas- 

ure the distance and position angles of them from the large star, for the 

purpose of determining the amount of proper motion, and possibly its 

parallax. 

ADDITIONAL INFORMATION: 

It is also intended to observe the satellites of Saturn during the next 

opposition, and measure the distances and position angles of the small 

stars next Mars during the opposition of December, 1551. 

RIVERDALE, New York County, New York. 

Longitude from Washington — 

Latitude — 

> Not yet determined, owing to the recent removal of the Observatory 

from Fordham to Riverdale. 

Director ; WILLIAM MEIKLEHAM. 
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INSTRUMENTS: 

(c) Equatorial instrument: maker, JOHN BYRNE, of New York; ap- 
erture of objective, 4,3; inches; focal distance, 65 inches; magnifying 

powers of eye-pieces, 20, 30, 45, 60, 80, 150, 250, 300, 350, and 450; also 
an amplifier, which doubles each of these powers when used. Attached 

to the telescope is a finder of 14 inches aperture, magnifying 20 diame- 

ters. Right ascension circle divided to read to 4 seconds of time; dec- 

lination circle divided to read to 1’ of are. Both circles divided on 

silver and read by microscopes attached thereto. Driving-clock. 

(d) Spectroscope: one. 

(g) Clock: mean time; maker, SETH THomMAs, Sons & Co. 
(t) Miscellaneous: Filar micrometer; divided on silver to measure 0/’.3 

of are in distance and 6’ in position, with suitable eye-pieces and illu- 

minating apparatus. 

OBSERVATIONS DURING THE PAST YEAR: 
No observations have been systematically made during the year ending 

January 1, 1881, owing to the removal of the observatory and the con- 

sequent confusion arising therefrom. 

ROCHESTER, Monroe County, New York. 

Warner Observatory. 

Longitude from Washington, 3" 8° W. 

Latitude, 45° 8/ 17” N. 

Authority for latitude and longitude: Signal Service officer. 

Director: LEWIS SWIFT. 

INSTRUMENTS: 

(c) Equatorial instrument: makers, ALVAN CLARK & SONS (con- 

structing) ; aperture of objective, 16 inches; magnifying powers of eye- 

pieces, from 45 to 2000. (c’) Altitude-azimuth, 45 inches, by Frrz; 

powers from 25 to 432. Telescope 44-inch refractor, originally by Frrz, 

but since last report the flint lens of the objective was unfortunately 

broken; it has been replaced by ALVAN CLARK & Sons. Its perform- 

ance, which was always good, appears to be rather better than before 
the accident. 

OBSERVATIONS DURING THE PAST YEAR: 
The work done during the past year has been a repetition of that for 

several years past, viz, comet seeking and observing those discovered 

by others. The nebule observed and heretofore overlooked, which, 
however, are very few in number, have been also carefully recorded on 
star charts. This facilitates the prompt detection of a comet. Much 

caution, however, is necessary not to announce and especially not to 

cable the discovery of a comet where no motion has been detected. 
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The year 1880, and thus far in 1881, have been remarkable as the 
most unfavorable for such work for many years past. 

On October 10-11, about midnight, another new comet was discovered. 

Although no positive motion was detected in two hours’ watching, from 

a strong suspicion that it was a comet, the discovery was telegraphed to 

four astronomers widely separated, in the hope that some one of them 

would be fortunate enough to have a clear sky, and be able to secure an 

early observation before the moon would interfere. Only one, Professor 

Boss, of the Dudley Observatory, succeeded in finding it, and fortunately 

he obtained the first position of it that could be used in computing its 

orbit. On the evening of the 11th, as soon as twilight had disappeared 

and in presence of a half moon, it was re-observed and immediately 

cabled, but owing to moonlight it was not discovered in Europe until 

October 25. The comet though large, was very faint, and proved 

to be identical with comet III, 1869 (TEMPEL), which adds another to 

the list of periodic comets. It was for some time a question whether 

its period was 11 or 54 years. A thorough discussion of all the observa- 

tions during its present and last observed apparition by Prof. S. C. 

CHANDLER, jr., and also by others, proves beyond all doubt that its 

period is a little less than 54 years. 
The Warner Observatory is not yet completed, though work on it 1s 

progressing satisfactorily, and it will be ready for occupancy in early 

autumn. The telescope, a 16-inch refractor by the CLARKS, is nearly 

completed. 

ADDITIONAL INFORMATION: 

The Warner Observatory has issued the following circular: 

TO AMERICAN ASTRONOMERS. 

RocuHEsTER, N. Y., January 5, 1881. 

Learning that the Imperial Academy cf Sciences of Vienna has with- 

drawn its offer of a gold medal valued at $60 for the discovery of comets, 

and being desirous that the search for them should not be abandoned, 

I hereby offer for every such discovery, subject to the conditions which 

follow, the sum of $200 in gold as a prize, to be known as the Warner 

Safe Remedy Prize. Sp | 

ConDITION 1.—The comet must be unexpected and telescopic, exceprt- 

ing only the comet of 1812, which is expected to reappear during the 

coming year. ue ; 

CoNDITION 2.—The first discovery must be made in the United States 

or Canada. ; é 

ConDITION 3.—Immediate notification by telegraph must be made to 

Prof. Lewis Swift, of Rochester, director of the Warner Observatory, 

who will cause the same to be cabled to Europe, and will also send 

notification to astronomers in this country by special circular or asso- 

ciated press dispatches. Jeb R em 

CoNDITION 4.—The telegram must give the time ot discov eI y, t 1e 

position, direction, and daily rate of motion with sufficient exactness to 

enable atleast one astronomer to find It. eens = » 

ConDITION 5.—In the event of any dispute which may arise regarding 
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priority of claim or non-conformity with the conditions named, the de- 
cision shall be referred to Prof. Asaph Hall, of the Naval Observatory, 
Washington, D. C., and Prof. C. A. Young, of Princeton Observatory, 
and their decision shall be final. 

The above offer, unless previously renewed, will expire January 1, 
i882. 

H. H. WARNER. 

Saint Louis, Missouri. 

Observatory of Washington University. 

Longitude from Washington, 52™ 37%.02 W. 

Latitude, 38° 38/ 3/64 N. 

Authority for latitude and longitude: A pier about 150 feet away from 

the observatory pier was located by HARKNESS and EIMBECK (1870). A 

survey was made from that pier to the new one. 

Director: J. K. REES, 1877. 

INSTRUMENTS: . 

(b) Meridian transit instrument: maker, WURDEMANN; aperture, 2.65 

inches; magnifying power, 90 diameters, with micrometer attachment. 

(c) Equatorial instrument: maker, H. Fitz, of New York City; ap- 

erture of objective, 64 inches; magnifying powers of eye-pieces, 76, 125, 

190, 305, and 456 diameters. (c’) Finder: 2735 inches aperture; magni- 

fying power, 23 diameters. 
(d) Spectroscope: one single prism BROWNING spectroscope. 

(e) Photomecer and other subsidiary apparatus: filar position, microm- 

eter attached; clock-work for moving telescope. 
(g) Clock: mean time; common tower clock. 

(h) Chronometer: mean time; makers, (1) DENT No. 2749, (2) BLACKIE 

No. 789. 
(‘) Miscellaneous: Sextant, by BLunt, of New York City. 

’ 

SoutH BETHLEHEM, Pennsylvania. 

Sayre Observatory of Lehigh University. 

Longitude from Washington, 6™ 408.19 EK. 

Latitude, 40° 36/ 23/.89 N. 

Director: C. L. DOOLITTLE. 
Founded in 1877, in connection with Lehigh University. 

INSTRUMENTS: 

(c) Equatorial instrument: makers, CLARK & SONS; aperture of ob- 

jective, 6 inches ; magnifying powers of eye-pieces, 12 to 225. 

(g) Clock: sidereal; makers, BOND & Son. 
(2) Miscellaneous : ic portable transit instrument by STACKPOLE, a 

| 

| 

| 

; 
| 
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zenith telescope by BLUNT, and a prismatic sextant by Pistor & Mar- 
TIN. 

OBSERVATIONS DURING THE PAST YEAR: 

Besides the work of instruction, the principal work of the Observatory 

has been a series of measurements of position angles and distances of 

Jupiter’s satellites, and of their eclipses. 

WORK PROPOSED FOR THE COMING YEAR (1881) : 

Observations of Jupiter will be kept up, with such attention to comets 

as circumstances will permit. 

SoutH HADLEY, Massachusetts. 

Observatory at Mount Holyoke Seminary. 

Longitude from Washington, ———7? 

Latitude, ———? 

Through the liberality of Mr. A. L. WILLISTON, of Northampton, the 

seminary has recently been enabled to erect a small but very complete 

astronomical Observatory, supplied with all the necessary instruments. 

It is designed to furnish the means for instruction to any who may wish 

to make the subject a specialty, and to give opportunity to any of the 

teachers or post-graduates who may take an interest in astronomy to 

make observations of real value. 

The building, of wood, consists of a tower with a dome 18 feet in 

diameter, flanked by two wings, one extending to the east and one to 

the north. The dome is very light, and rotates so easily that even the 

feeblest of the young ladies can manage it without difficulty. The ar- 

rangements for opening and closing the shutters which cover the slit in 

the dome, and the openings for the transit and prime vertical instrument, 

are worked with equal facility. In the dome is mounted a fine 5-inch 

equatorial by CLARK, completely fitted out with clock-work, finding- 

clock, micrometers, spectroscope, solar eye-piece, Xc., and so arranged 

that the circles can be read and the clamps and tangent screws worked 

from the eye-piece of the instrument. 

The object-glass is almost entirely the work of the senior ALVAN 

CLARK, and is one of the most perfect specimens of his art. 

In the transit-room is mounted a meridian circle by FAuTH & Co., of 

Washington. The instrument has a telescope of 3 inches aperture, and 

circles of 16 inches diameter, reading to seconds by two microscopes. 

It has a reversing apparatus, and is fitted with a “latitude level” and 

micrometer, so that it can, if desired, be used as a zenith telescope. A 

large collimator is mounted upon a pier south of it, and in a corner of 

the room is a clock with DENISON escapement, also by FAuTH & Co., as 

is the chronograph, which is mounted in an adjoining closet. The Ob- 

ervatory possesses also a sextant and artificial horizon and a set of 

smeteorological apparatus. 
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There is no instrument in the prime vertical room (which is used 
mainly as a waiting-room or for recitations), but it is provided with a 

pier and shutter, so that the meridian circle can be set up there if it is 

ever thought desirable to make observations in that plane. 

The building and its equipment have cost not far from $10,000. 

C. A. YOUNG. 

TARRYTOWN, Westchester County, New York. 

Private Observatory. 

Longitude from Washington, 12™ 47°.16 E. 
Latitude, 41° 04’ 21” N. 

Authority for latitude and longitude: United States Coast Survey. 

Director: CHARLES H. RocKWELL. 
INSTRUMENTS : 

(c) Equatorial instrument: makers,—glass, Dr. C. S. HasTINnGs ;— 

mounting, JOHN BYRNE; aperture of objective, 64 inches; magnifying 

powers of eye-pieces, 60, 112, 170, 243, 327, 409, 751. 

ADDITIONAL INFORMATION: 
The equatorial has been mounted in a new observatory 124 feet diam- 

eter of dome. <A chronodeik for equal altitude observations has been 

added to the instruments mentioned in previous reports. No other 

changes. 

TROY, Rensselaer County, New York. 

Williams Proudfit Observatory.’ 

Longitude from Washington, 13™ 278.5 Hi. (nearly). ’ 
Latitude, 42° 43/ 52” N. 

Authority for latitude and longitude: Latitude determined by obser- 

vations with the zenith telescope; longitude by electro-magnetic signals 

from United States Naval Observatory. 

Director : Professor DASCOM GREENE. 
Assistant: PALMER C. RICKETTS. 

INSTRUMENTS: 

(b) Meridian transit instruments: one made by K. KUBEL, Washing- 

ton; aperture, 2.5 inches; magnifying power, 60 diameters: (b’) one 

made by PHELPS & GURLEY, Troy; aperture, 2 inches; magnifying 

power, 30 diameters. 

(c) Hquatorial instrument: maker, HENRY Firz, New York; aper- 

ture of objective, 3.5 inches; magnifying powers of eye-pieces, 45 to 200 

diameters. 

(g) Clocks: one mean time; maker, STOKELL, New York; one by 
HOWARD, Boston. : 
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(h) Chronometer: sidereal; maker, J. FLETCHER, London. 

(7) Miscellaneous: Sextant; TRouGHTON & Spins, London. 

OBSERVATIONS DURING THE PAST YEAR (from September, 1879, 

to September, 1880): 

Besides regular transit observations for time, by the director and 

assistants, the instruments have been used by the senior class of the 

Rensselaer Polytechnic Institute for practice in astronomical observa- 

tions. 

WORK PROPOSED FOR THE COMING YEAR (1880~81): 

This is expected to be similar to the work of the past year. 

WASHINGTON, District of Columbia. 

United States Naval Observatory. 

Longitude from Greenwich, 5" 8™ 128.09 W. 

Latitude, 38° 53/ 38.8 N. 
Directors: M. F. Maury, 1844; 

J. M. GILLIss, 1861; 
C. H, DAVIS, 1865; 
B. F. SANDS, 1867; 
Rear-Admiral Joun RODGERS, U.S. N., 1874. 

Assistants: 1. Prof. A. HALL, } 
Prof. W. HarKNEss, | : 

Prof, J. R. Eastman, $ Professors, U. 8. Navy. 
Prof. E. S. HOLDEN, 
Prof, E. FRISBY, \ 

oa a wee l Permanent flasistane Astron- 

Mr. H. 8. PRITCHETT, S Omens: 

Mr. J. A. RoGERS, Temporarily employed in photogra phie 

experiments. 

10. Mr. W. F. GARDNER, Instrwment-maker. 

Created by the Navy Department in 1833. Transferred in 1843 to 

University Square. In 1872 it came into possession of an equatorial of 

ALVAN OLARK & Son, 324 feet (9.9) in focal length, and with an aper- 

ture of 26 inches (0™.65) ; by means of which A. HALL discovered the 

two satellites of Mars in 1877. 

INSTRUMENTS: 

(a) Meridian circle: one; makers, PistorR & MARTINS; diameter of 

circles, 43.40 inches; divided to 2‘; read by 4 microscopes to 0.1; aper- 

ture of objective, 8.52 inches; for observations of the sun, aparture em- 

ployed, 3 inches; magnifying power ordinarily employed, 186 diameters. 

(b) Meridian transit instruments: one made by ERTEL & Son; aper- 

ture 5.33 inches; magnifying powers, 85, 86, 106, 118, 162. (’) Hight 

2. 

3. 

4, 

D. 

6. 

(a 

8. 

9. 
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portable transits and zenith telescopes combined, used on Transit of 

Venus Expeditions. 

(c) Equatorial instruments: one made by ALVAN CLARK & Sons; 
aperture of objective, 26 inches; magnifying powers of eye-pieces, 126 

to 1600. (c’) One made by MERZ: 9.62 inches aperture; powers, 90 to 

900. (¢’) Eight 5-inch equatorials by ALVAN CLARK & SONS, used on 
Transit of Venus Expeditions. 

(ec) Photometer: one nebula-photometer (Hastings’ pattern) for use 

with the 26-inch equatorial. . 

(f) Chronographs: some 10 or 12 in all, of various kinds. 

(g) Clocks: mean time, two; sidereal, six. 
(h) Chronometers: mean time; all the chronometers of the United 

States Navy are kept here. Sidereal, eight, by NEGUS. : 

WORK PROPOSED FOR THE COMING YEAR: 

The same as in former vears. 

ADDITIONAL INFORMATION: 

[The following is a short abstract of the annual report of the Super- 

intendent of the Observatory to the Chief of the Bureau of Navigation, 

and in it will be found details additional to the information presented 

above.—E. 8S. H.] 

UNITED STATES NAVAL OBSERVATORY, 
Washington, October, 20, 1879. 

* * * * * * ca 

The 26-inch equatorial.—This instrument has been in charge of Prof. 
ASAPH HALL, with Prof. EDWARD S. HOLDEN as assistant until Febru- 
ary, 1880, since which time Prof. EDGAR FRISBY has been the assistant. 
The instrument is now in good order, and it is in constant use. It has 
been employed as in previous years in the observation of satellites, dou- 
ble stars, and nebul. 

The transit circle—This instrument has been employed during the 
vear under the Cirection of Prof. J. R. EASTMAN, who was assisted by 
Prof. EDWARD S. HOLDEN as an observer since April 1, 1880; Prof. 
EDGAR FRISBY until December 10, 1879; Assistant Astronomer A. N. 
SKINNER during the year ; Assistant Astronomer 1. M. PAUL until his 
resignation, July 1, 1880, and Assistant Astronomer H. 8. PRITCHETT 
until his resignation, February 1,1880. My. Mies Rock has been em- 
ployed as a temporary assistant astronomer since July 1, 1880; and Mr. 
WILLIAM C. WINLOCK has been similarly employed since August 2, 1880. 
Mr. WINSLOW UPTON has been employed as a computer since July 16, 
1880. Lieut. E. LONGNECKER and Lieut. A. H. VAIL have beenemployed 
in reducing transit-circle observations, the former during the year and 
the latter since April 23, 1850. 

- ‘The observations have been confined to— 
1. Stars of the American ephemeris for clock and instrumental. cor- 

rections. 
2. Sun, moon, major and minor planets. 
3. Stars whose occultations were observed in connection with obser- 

vations of the transit of Venus in 1874. 
4. Standard stars for a catalogue of zone observations. 
5. Such stars of the British Association catalogue between 120° 0’ 
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and 131° 10’N. P. D. as have not been observed here three times in 
both right ascension and declination. 

6. Stars used in observations of comets with the 26-inch and 9.6-inch 
equatorial. 

7. Stars used in the determination of latitude by the United States 
Coast and Geodetic Survey, the Lake Survey, Capt. G. M. WHEELER’S 
Survey, and by Lieut. Commander IF’. M. GREEN in surveys in the West 
Indies. : 

The whole number of observations made with the transit circle since 
the last report is 4,140. Of these observations, 68 were of the sun, 62 
of the moon, 145 of the major planets, and 115 of the minor planets. 

The printing of the annual volume for 1876 has been delayed several 
months by lack of funds, but it is now nearly done. Of the transit 
circle work, that for 1877 is ready for the printer; the reductions of the 
1878 observations are nearly finished ; those of 1879 are nearly finished 
to apparent place; while those of 1880 are as fav advanced as the na- 
ture of the work will permit. 

The 9.6-inch equatorial—This instrument is under the direction of Prof. 
J. KR. EASTMAN, who has the same assistants as on the work with the 
transit circle. It has been employed in the observations of comets and 
occultations of stars, and also in determining the approximate corree- 
tions to the ephemerides of such minor planets as are not readily found 
with the transit circle. 

The meteorological department is under the direction of Professor 
EASTMAN, and the usual observations; at intervals of three hours, be- 
ginning at midnight, have been made throughout the year by the watch- 
men, Messrs. HAYS, HORIGAN, and CAHILL. 

Astronomical photography.—The experiments in astronomical photo- 
graphy, including the reduction of the photographic observations of the 
transit of Mercury in May, 1878, are under the charge of Prof. WM. 
HARKNESS, who has been assisted by Master 4. F. QUALTROUGH and by 
Mr. JOSEPH A. ROGERS. 

At the date of my last report the reductions of the Ann Arbor photo- 
graphs of the transit of Mercury were suspended because the reticule 
plate used in making the pictures had not been returned to this obser- 
vatory. Since then the plate has been received, and the work of reduc- 
ing the photographs has made considerable progress. 

An investigation has just been commenced for the purpose of obtain- 
ing some light on the following questions, namely: _ 

Ist. What are the capabilities of objectives of various sizes for as- 

tronomical photography, and what are the approximate exposure coetii- 

cients for the different classes of celestial objects? 

2d. What form of an apparatus is best adapted for photographing 

the corona during total solar eclipses, and what exposure coefficient 1s 

likely to be required? , d 
3d. What kind of pyroxylene is best adapted for astronomical pho- 

tography, and how can it be produced with certainty ? Much time has 

been spent in planning these experiments, and in devising suitable 

apparatus for executing them, and it is hoped that they will lead to 

practical results. 

Solar eclipses of July 29, 1878, and January 11, 1880.—The reports on 

these eclipses have been collected into a volume (which is noticed else- 

where). ' : : fa Ly 
The first part of the Transit of Venus papers, embracing the history 

and general discussion, is in the hands of the printer, and the composi- 
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tion is about complete. The press-work was, however, postponed on 
account of the incomplete state of the general reductions of the obser- 
vations to appear in Part Il. These reductions cannot be completed 
without a small additional appropriation for the purpose. 

The library.—The library contains 8,500 volumes, distributed about as 
follows: 

I. Works on astronomy, mathematics, geodesy, physics, meteorology, 
and geography, including transactions of learned societies—about 6,200 
volumes. 

Il. Pamphlets on the same subjects, each one separately bound in 
paper covers, placed i in drawers, and classified by subjects—about 1,000 
numbers. 

III. Miscellaneous works of reference, &c., in the office of the Super- 
intendent—about 700 volumes. 

IV. Publications of the United States Senate and House of Repre- 
sentatives—about 600 volumes. 
Total, 8,500 volumes. 
A ok. catalogue of about 16,000 cards has been completed. It is 

not necessary to print this at present. After the cards become soiled 
by use, they should be printed to preserve them. 

Distribution of the publications of the Observatory.—A list of 921 names 
has been prepared, and to these correspondents our publications are 
distributed. Academies of science, public observatories, and the princi- 
pal colleges, receive the complete volumes. The appendices are dis- 
tributed to all observatories, to the principal astronomers, and others in- 
terested in astronomy. 

In return for this liberal distribution, the library receives, free of cost, 
the publications of the principal observatories, learned societies, &c., of 
the world. 

Since February, 1879, about 12,000 separate numbers of our publica- 
tions have been distributed. These were mostly to fill sets which had 
been left incomplete in former distributions. At present all our corre- 
spondents have complete sets of our volumes, as far as we can supply 
them. 

In addition to his duties as librarian, Professor HOLDEN takes his 
regular tour of duty as an observer on the transit circle; and he has 
made a set of drawings of the planets Saturn and J upiter, with the 
26-inch equatorial, and a series of measures of the dusky ring of Saturn, 
in continuation of those made in 1879, 

During the year the Western Union time-ball in New York has failed 
nine times: once on account of a heavy snow-storm; four times owing 
to interruption to the Western Union lines; and four times owing to 
accidents to machinery. The Washington time-ball has failed twice, 
owing to accidents to machinery. 

WEsT Point, New York. 

West Point Observatory. 

Longitude from Washington, 12™ 228.71 E. 
Latitude, 41° 23/ 31” N. 

Director: 
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WILLETS POINT, Queens County, New York. 

Field Observatory—Engineer School of Application. 

Longitude from Washington, 13™ 048.57 E. + 08.14. 
Latitude, 40° 47’ 21.59 N. + 0/.08. 

Latitude determined by observations with zenith telescope. Longi- 

tude determined by telegraphic time-signals from Naval Observatory, 

Washington. ae 

Director: General Henry L. ABBOT. 

Assistant : Capt. J. C. MALLERY. 

INSTRUMENTS: 

(b) Meridian transit instruments: (Four:) One, makers, LINGKE & 
Co., Silesia; aperture, 2} inches ; magnifying power, — diameters; focal 

length, 30 inches. One, Russian transit, aperture, 2.6 inches ; STACKPOLE 
& Bro., New York; focal length, 30 inches. One, TROUGHTON, aperture, 

2 inches; TROUGHTON, London; focal length, 30 inches. One, STack- 

POLE, aperture, 2 inches; STACKPOLE & Bro., New York; focal length, 

24 inches. 

(c) Equatorial instrument: makers, FAutH & Co., Washington ; 
aperture of objective, 54 inches; magnifying powers of eye-pieces, as- 

sorted. 
(f) Chronographs: H1pp’s: NEGUS-MORSE register. 

(h) Chronometers: one mean time; makers, ARNOLD & DENT: one 

sidereal; makers, LUKENS; BonD & Son. Both break-circuit. 
(i) Miscellaneous : One portable telescope, equatorially mounted; one 

zenith telesecope—WILLIAM WURDEMANN; two sextants, STACKPOLE 

& Bro.; one personal equation machine; one barometer, GREEN’S 

cistern. 

OBSERVATIONS DURING THE PAST YEAR: 
Observations for determining latitude and longitude, for instruction 

of engineer officers at the school. 
Observations upon auroral displays, extended through entire night, 

and continued since 1870. 

WoRK PROPOSED FOR THE COMING YEAR (1881): 

Similar to above. 

PRINCIPAL PUBLICATIONS OF THE OBSERVATORY DURING THE 

YEAR: 
Annual battalion order announcing results of season’s works. 

ADDITIONAL INFORMATION : 

Observations on the Aurora Borealis —The regular series of records of 

the displays of the Aurora Borealis, begun in 1870, has been continued, 

as heretofore. Three sentinel posts, widely separated from each other, 

are guarded nightly by soldiers of the Battalion of Engineers specially 

selected as watchmen. Eight men are thus permanently detailed. 

Three of them remain on duty from sunset to sunrise, and are required 
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to report, when relieved, whether they have seen any auroral light dur- 

ing the night ; and if not, whether the sky has been sufficiently clear to 
permit any to be visible. These records for the past year are presented 

in the following consolidated table—which, considering the difficulty of 

distinguishing the fainter displays, is regarded as establishing the trust- 

worthy character of the record by the general accordance between the 

three independent observers. It appears that out of 216 favorable 

nights, 13 auroras were noted; and if we may assume the same ratio to 

apply to the clouded nights, about 22 auroral displays occurred during 

the twelve months. 
Auroral displays in 1880. 

Auroras. . Clear nights. Clouded nights. 

4 a oS 4 x] | os | a i] oS 
Name of month. 3 é B 5 S$ | s 3 S 3 

4 A A 4 G A A : A a A ; 
~ ~ ~ 8 ~ » » A » » » a 

B18 WB Sole Beil iene ate 
A, eae] eae] el me] ale] a] a] 

i | 

DlanWaBye ee eee ce ac 0 0 0 ONON Plo ES ay IEA 3 ibe \P aks 16.3 
INCA foscosaecoshoeous 0 0 0 0.6) 16 Tig We alee” iy ales 83 3 10 12 INS Y 
March jos iehese cnuesseas 1 2 1 1.3 1D |, LS) | LG a6 s3 16 13 15) 14.7 
ADU Sate secs pecsses oe iL 2 1 Lisi) 16 19 19 | 18.0] 14 11 11 20 
May eo ser ve eeeasentots 0 1 0 O33 18 19) 19) USAT) as 12 12 1253 
UNG eA cee 0 0 0 0.0 | 19 PH || 1 || Teese] aL 9 12 10.7 
UGS es soc csiamaseeeses 1 1 1 WO |) aly 20 18 aes |) wee i abt 13 12.7 
PAU GUS ti asver sacoeresces 3 3 3 3.0 18 18 18 18.0 13 13 13 3.0 
Septembersee see eeeaane 1 1 1 1.0 18 18 19 18.3 12 12 11 NG ef 
October! -s.cs2 se-ce<- see 2 2 2 2.0 21 20 2L 20. 7 10 11 10 10.3 
INowemibervacesaceeer ee 4 1 4 SuOmleaelg 17 TA PG! |) al} 13 16 | 140 
Wecember2---s--) 5-25-20 0 0 0 (SO |} Bi 20 1999) 20503) 10 ue 12 11.0 

Total for year-.-..--. 13 13 Sie elon OM a2 TT 223 | 218 (215.6 | 155 | 143 | 153 150. 4 
| | | 

Summary of auroral records for eleven years. 

Clear sky. Cloudy sky. F 

3s. | oO Ke 

Year. ie e a gz 2 a _ Remarks. 

a oe A | antes Sg 
| 1 

| 

50 | 150 41 99 Begun February 1, 1870. 
60 154 44 104 
60 132 34 94 
54 151 38 92 
18 175 iz 35 
14 176 13 Pall 
9 171 8 if 
7 174 6 13 
2 180 2 4 
9 161 7 | 16 

13 150 9 22 

These observations were undertaken to throw light upon the supposed 

connection between the number of solar spots and the frequeney of 

auroras and of magnetic disturbances. They have now been continued 

long enough to give interest to the foregoing summary compiled from 

the general orders above cited. No corresponding record of solar spots 

during this period of eleven years is at hand for precise comparison ; 

but such records have been preserved, and they show the number of 
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spots in the year 1870 to be amaximum and in 1878 a minimum. It will 
be noted that these years are nearly those of maximum and minimum 
observed auroras. 

WILLIAMSTOWN, Massachusetts. 

Williamstown Observatory. 

Longitude from Washington, 15™ 18°.6 E. 
Latitude, 42° 42’ 49” N, 

Director : ———? 

YPSILANTI, Washtenaw County, Michigan. 

State Normal School Observatory. 

Longitude from Washington, 26™ 10° W. 
Latitude, 42° 13/ N. 

Authority for latitude and longitude: J. C. WATSON. 

Director: LEw1s McLovutn, M. A. 

INSTRUMENTS: 

(b) Meridian transit instrument: maker, GURLEY, Albany; aperture 

14 inches; magnifying power, 30 diameters. 

(c) Equatorial instrument: maker, A. CLARK, Cambridgeport, Mass. ; 

aperture of objective, 4 inches; magnifying powers of eye pieces, 45, 90, 

144, 210. 
(d) Spectroscope : BROWNING, London, 2 prism. 

(h) Chronometer: sidereal; maker, NEGUS. 

(2) Miscellaneous: The observatory building is completed. No syste- 

matic work has been done. The building is small, and its equipment is 
for instruction rather than investigation. The equatorial is quite good 

—the one with which Professor WATSON made his observations on the 

supposed planet Vulcan. 

Il. FOREIGN OBSERVATORIES. 

ABERDEEN, Scotland. 

See Dun Echt. 

ABO, Russia. 

Abo Observatory. 

Longitude from Greenwich, 1° 29™ 8%.2 E. 

Latitude, 60° 26’ 56.8 N. 

Director : 7 
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ADELAIDE, South Australia. 

Observatory Branch of Post-Office and Telegraph Department. 

Longitude from Greenwich, 9" 14™ 21s E. 

Latitude, 34° 57’ S. 
Director: C. Topp, 1860. 

“Our Observatory is but a young institution, but Parliament has 

recently voted over £3,000 for instruments and buildings, including a 

large Transit circle, and a barograph, thermograph, Kew anemometer, 

C. Topp, 

We already possess a fine Hquatorial, with which good work is 

Government Astronomer. 

ALGIERS, Algeria. 

Observatoire National. 

Longitude from Greenwich, 12™ 11°.39 E. 
Latitude, 36° 45/ 2.7 N. 
Director : 2 

ALTONA, Prussia. 

Sternwarte. 

Longitude from Greenwich, 39™ 46°.35 E. 

Latitude, 53° 32/ 45/.3 N. 

Built upon the ramparts in 1815; transferred to Kiel in 1873. 

Kiel.) 

Directors : H. C. SCHUMACHER, 1816; 

A. C, PETERSEN (transient), 1851; 
P. A. HANSEN, 1852; 

C. A. F. PETERS, 1855. 

ARMAGH, Ireland, 

Observatory. 

Longitude from Greenwich, 26™ 35°.5 W. 
Latitude, 54° 21/ 12.7 N. 
Founded in 1792 as a dependency of the University, 
Directors: J. A. HAMILTON, 1792; 

T. R. RoBINSON, 1825. 

(See 
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ATHENS, Greece. 

Observatory. 

Longitude from Greenwich, 1° 34™ 558.7 FE. 
Latitude, 37° 58/ 20” N. 

Commenced in 1845. Erected through the liberality of Baron yon 
Suva, in Vienna. It has a dome containing a refractor of 6.7 inches 
(O™.17) aperture. 

Directors: G. C. Bonris, 1844; 

J. F. J. SCHMIDT, 1858. 

BASLE, Switzerland. 

Physikalisches Institut. 

Longitude from Greenwich, ———? 
Latitude, - 2 

Director: Ep. HAGENBACH. 

INSTRUMENTS: 

(a) The Meridian cirele, constructed by the Société Genevoise, with 24- 
inch objective, by C. A. STEINHEIL. 

(c) The Lquatorial, made by the Société Genevoise pour la construe- 

tich Winstruments de physique” mounted on an isolated pillar, under a 

movable dome of 163 feet (5 meters) diameter. The instrument is pro- 

vided with a centrifugal regulator, constructed according to Prof. M. 

THURY’S directions, with position micrometer, spectroscope, and camera 

obseura. 

(d) Spectroscope. 
(g) The astronomical clock was constructed by THEODOR KNOBLICH, 

in Hamburg. 

The mean time is given by means of an electric pendulum, by M. 

rep, in Neuenburg. 

Both clocks connect with a number of dials in various rooms, and also 

with the chronograph. 

BERGEN, Norway. 

Naval Observatory. 

Longitude from Greenwich, ——— ? 

Latitude, —? 

Founded in 1788. So far has only been used to furnish the standard 

time. 
Directors: C. F. G. Bour, 1818; 

99 
J. J. ASTRAND, 1833. (?) 

S. Mis. 31——43 
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BERLIN, Prussia. 

Konigliche Sternwarte. 

Longitude from Greenwich, 53™ 348.91 E. 

Latitude, 52° 30’ 16.7 N. 
Directors: G. KIncu, 1706; 

J. H. HOFFMANN, 1710; 

C. KiRcH, 1717; 
J. W. WAGNER, 1740; 
H. N. GRIscHow, 1745; 

J. Kies, 1754; 

F. U.S. AEPINUS, 1755; 

J.J. HUBER, 1756; 

JEAN BERNOULLI, 1767; 

J. KE. BoDE, 1786; 
J. F. ENCKE, 1820; 

W. J. FOERSTER, 1865. 

Tibrarian: Dr. V. KNORRE. 

Founded at the request of LEIBNITZ in 1705; completed in 1711. 

Originally situated in the suburb Dorotheenstadt, in the northern part of 

the city. A great square tower ef five stories, 46 feet (14 meters) in 

length and 884 feet (27 meters) in height. This Observatory was re- 

modelled in 1787 and again in 1800. In 1855 a new Observatory was 
built at the southern extremity of the Charlotten Strasse. The ‘‘Astro- 

nomische Jahrbuch” has been published annually since 1776. It was 

here that GALLE discovered Neptune in 1846. 

BERN, Switzerland. 

Sternwarte. 

Longitude from Greenwich, 29™ 468 E. 

Latitude, 46° 57/ 8.7 N. 

Directors: F. FRECHSEL, 1821; 
R. WO xr, 1847; 

J. Kocn, 1856; 
H. WILD, 1859; 

A. J. T. FORSTER, 1871. 

Constructed upon a bastion in 1822. In plan a regular octagon, the 

circle described about which has a diameter of 654 feet (20 meters). 

BIRR CASTLE, Ireland. 

Parsons-town Observatory. 

Longitude from Greenwich, 31™ 408.9 W. 

Latitude, 53° 5/47” N. 
Director: The EARL OF ROSSE. 
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INSTRUMENTS: 
It is here was erected the celebrated sixty-foot reflecting telescope, 

with a six-foot speculum. 

BoGova, United States of Colombia. 

Bogota Observatory. 

Longitude from Greenwich, ——— ? 
Latitude, —? 

Recently founded. 

Director : GONZALES. 

30LOGNA, Italy. 

Osservatorio Astronomico. 

Longitude from Greenwich, 45™ 245.6 FE. 

Latitude, 44° 29/ 47” N, 

S0MBAY, India. 

Government Observatory at Colaba. 

Longitude from Greenwich, ——— ? 
Latitude, —? 

Director: CHARLES CHAMBERS. 

The principal work of the Colaba Observatory is in the fields of ter- 

restrial magnetism and meteorology, and astronomical observations are 

made only for the practical purpose of time keeping, partly for the pub- 

lie service and partly for the use of the Observatory. 

Bonn, Prussia. 

Universitits Sternwarte. 

Longitude from Greenwich, 28" 23°.29 E. 

Latitude, 50° 43/ 45” N. 
Directors; K. D. VoN MUNCHOow, 1818; 

IF. W. A. ARGELANDER, 183 

E. SCHONFELD, 1875. 

Founded in 1818 near the University. The erection of a more com- 

plete Observatory was decided upon in 1837, and the new establishment 

was finished in 1840. It includes two halls for meridian instruments 

and five turrets. Here it was that the review of the heavens, known 

under the name of  Durchmusterung,” was undertaken and accomplished 

under the direction of ARGELANDER, including all stars up to the ninth 

magnitude. 

Te 

5 
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Borucamp, near Kiel, Prussia. 

Observatory. 

Longitude from Greenwich, 40™ 305.8 E. 
Latitude, 54° 12’ 9.6 N. 
Director : 2 

BORDEAUX, France. 

Observatoire. 

Longitude from Greenwich, 2 

Latitude, 2 

Director: 2 

BREMEN, Germany. 

Observatorium der Navigations Schule. 

Longitude from Greenwich 2 
= 

9 

Latitude, 2 

Director : ———? 

BRESLAU, Prussia. 

Universitits Sternwarte. 

Longitude from Greenwich, 1" 8™ 8°.71 E. 

Latitude, 51° 6’ 56.5 N. 
Directors: J. EK. SCHEIBEL, 1759; 

L. A. JUNGNITZ, 1780; 

H. W. BRANDES, 1809; 

P. H. L. VAN BOYNSLARVSKI, 1827; 
Prof. Dr. J. G. GALLE, 1852. 

Observations here were begun about 1760 at the gymnasium, where 

the professor of mathematics had collected a few instruments. They 

were continued at the University, and the Observatory properly so called 

was gradually developed. 

BRUSSELS, Belgium. 

Observatoire Royale. 

Longitude from Greenwich, 17™ 285.6 E. 

Latitude, 50° 51’ 10.5 N. ‘ 

Directors: L. A. J. QUETELET, 1829- 

J. C. HOUZEAU, 1876. 
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Projected in 1826, begun in 1829, completed in 1834. A large hall for 
meridian observations is located between two win gs, each surmounted 
by a turret. 

BUDAPESTH, Hungary. 

K. K. Sternwarte. 

See Ofen. 

CADIZ, Spain. 

Naval Observatory. 

Longitude from Greenwich, ———-?_ : 

Latitude, ————? 

CAtRO, Egypt. 

Observatoire Khédivial. 

Longitude from Greenwich, ——— ? 

Latitude, ———? 

Director : MAmMOUD. 

Founded about 1850. 

CAMBRIDGE, England. 

Cambridge Observatory. 

Longitude from Greenwich, 225.75 E. 
Latitude, 52° 12’ 51.6 N. : 

Directors: W. LUDLAM, 1767; 
A. SHEPHERD, 1769; 

S. VINCE, 1797; 
R. WoopHOUSE, 1820; 

Gab; Airy, 1827; 

J. CHALLIS, 1836; 

J. C. ADAMS, 1860. 

Commenced at Christ College; removed to St. John’s College in 1767, 

In 1764 a special location was assigned to it above the entrance gate otf 

Trinity College. The senate of the University caused a better Observa- 

tory to be erected in 1820, which was completed in 1824. The structure 

consists of four halls forming a cluster of buildings. 
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CAPE Town, Africa. 

Royal Observatory, Cape of Good Hope. 

Longitude from Greenwich, 1® 15™ 55° EK. 
Latitude, 33° 56! 3/.4 8S. 

Authority for longitude, HENDERSON; for latitude, STONE. 

Directors: F. FALLOWS, 1820; 
T. HENDERSON, 1831; : 

T. MACLEAR, 1834; 
K. J. STONE, 1870; 

DAVID GILL, 1879. 

Assistants: W. H. FINLAY; 
G. MACLEAR; 
Rost. H. PELT; 

I. FREEMAN. 

Founded in 1820. Owned no instruments of importance until 1829. 

It was not at this Observatory that JoHN HERSCHEL made his observa- 

tions, but some distance from here on a private estate called FELDHAU- 

SEN. 

INSTRUMENTS: 

(a) Meridian circle, by KRANSOME & SIMMS for the engineering part; 

TROUGHTON & SIMMS for micrometric and optical part; a sister instru- 

ment to the Greenwich circle; diameter of circles, 66 inches; divided 

to 5’; read by 6 microscopes to 0/.01 estimating easily to 0/.001 as at 

Greenwich. Aperture of objective, 8 inches; magnifying power always 

employed, 200 diameters. . 
(c) Equatorial instruments : makers, object-glass by MERZ, mounting 

(German form) by TrRouGHTON & Simms; aperture of objective, 6.9 

inches; magnifying power of eye-pieces, 40 to 400. (c’) Small equato- 

rial, 3.6-inch aperture (DOLLARD), 46 inches focal length, mounting on 

long polar axis (English form), maker unknown ; without clock-work, 

at present dismounted. 

(d) Spectroscope : spectroscope by TROUGHTON & SIMMS. 

(J) Chronograph : one by BOND, not at present in use. 

(g) Clocks: one mean time; maker, MOLYNEUX: one sidereal; * maker, 
BARRAUD. 

(h) Chronometers : mean time and sidereal. A supply of these instru- 

ments kept for use of Her Majesty’s ships, consequently frequently 

changed. 

(1) Miscellaneous: A heliometer of 5 feet focal length, 4 inches 
(French) aperture. Tube and cradle by REPSOLD, mounting by GRUBB. 

(This instrument is the private property of Mr. GILL.) 

* Anew normal clock, with ArrRyY’s escapement and air-tight case, is in course of 

construction by Messrs. DENT. 
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OBSERVATIONS DURING THE PAST YEAR (from January 1, 1880, 
to January 1, 1881): 

(a) Fundamental stars for Schoenfeld’s * Durchmusterung.” 
Additional stars of N. and 8S. declination for vestigations connected 

with refraction. 

Daily observations of a and 7 Centauri for parallax. 

Small list of stars observed at request of Dr. AUWERS. 

Selected list of cireumpolar stars. 

Long series of observations connected with investigations on personal 

equation. 

List of stars to be used in connecting longitudes of Aden and Cape of 

Good Hope. ; 

(c) Every star, down to 6th of May, oceulted by the moon has been 

observed when weather permitted. Every eclipse of Jupiter’s satellites 

has been observed when weather permitted. 

(?) The heliometer arrived in December.. Observations with that in- 

strument for annual parallax of @ Centauri, « Indi and 3 Hydri have 

been commenced. 

WORK PROPOSED FOR THE COMING YEAR (1881): 

Completion of observations of SCHOENFELD’s fundamental stars. 

Completion of personal equation investigations. 

» Continuation of observations of « and / Centauri. 

Completion of a useful catalogue of southern circumpolars for obsery- 

ers of transit of Venus, 1882. 
Completion of longitude connection of Aden and Cape of Good Hope. 

Researches with the heliometer on parallax of fixed stars. 

Continuance of series of observations of occultations of stars by the 

moon and eclipses of Jupiter’s satellites. Arrangements being made for 

application of photometer to these latter observations, as at Cambridge, 

United States. e 

ADDITIONAL INFORMATION: 

There have been no publications of the observatory issued during the 

past year (1880). The great catalogue of 12,400 stars, deduced from ob- 

servations 1870~79, was taken to England in 1879 by Mr. STONE for 

publication, together with the annual volumes for 187775 in MS. 

Owing to necessary alterations in the microscopes of the transit circle, 

and to some other instrumental changes, the new series of N. P. D. work 

was not begun till March, 1880. The completion of one series of obser- 

vations and the commencement of another creates a gap in the plan of 

publications. The Cape catalogue for 1850, deduced from Maclear’s ob- 

servations in 1849, 50, 51, and 752 is nearly completed. It contains all 

stars of the B. A. ©. catalogue having south declination. 

There are also under preparation for press : 

Occultations of stars by the moon (about 400 in number) observed be- 

tween 1834 and 1870, reduced and compared with tables. 
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A series of observations of double stars made between 1849 and 1868 

(chiefly observations of a Centauri, and some of the most interesting 

southern double stars). 

CATHARINEBURG, Russia. 

Astronomical, Magnetical, and Meteorological Observatory. 

Longitude from Greenwich, 4" 2™ 488 E. 
Latitude, 56° 49’ N. ; 

Authority for latitude and longitude: KUPFFER (1841); FRITSCHE 
(1873 and 1876); SCHARNHORST and KUHLBERG (1875). 

Director: G. O. CLERG, secretary Natural History Society. 

Observers: V. A. BABKIN; 

A. M. CHECHULIN. 

(b) Meridian transit instrument: makers, ERTEL & SOHN (small pas- 
sage instrument); aperture, 1.5 inches. (b’) Another by BRAUER in St. 

Petersburg (universal instrument). 

(g) Clocks: one mean time; maker, IF. FLAUTH, in St. Petersburg 

(without No.); another regulator, without name. ° 

(h) Chronometers: mean time; makers, F. FLAuTH, No. 37; WIREN, 
No. 86. 

(t) Miscellaneous: Magnetic theodolite, BRAUER, No. 37; BRAUER’S 

compass for magnetical declination and intensity ; GAMBEY’S inclinato- 

rium; variation magnetometers (syst. GAUSS); Several series of me- 
teorological instruments of different construction; thermometers for 

observation of the temperature from superficy to three meters depth. 

OBSERVATIONS DURING THE PAST YEAR: 

(a) The passage instrument was used every day whenever the weather 

permitted, for determination of time by observation of the sun. 

WORK PROPOSED FOR THE COMING YEAR (1881): 

Magnetic and meteorological observations ; elaboration-of those ob- 
servations. 

PRINCIPAL PUBLICATIONS OF THE OBSERVATORY DURING THE 

YEAR 1880: 

The observatory does not print anything ; all its observations appear 

in the annals of the central Observatory at St. Petersburg. 

G. O. CLERC: Débacle de la Tchonsdomia (Russ. and French), p. 83, 

vol. v, ‘ Bulletin de la Société ouralienne des sciences naturelles.” 
G. O. CLERC: Translations from German into Russian, and from Rus- 

sian into French, in the 5th and 6th vols. of the “‘ Bulletin de la Société 
ouralienne des sciences naturelles.” 
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CHAPULTEPEC, Mewico. 

National Observatory. 

Longitude from Greenwich, 6% 36™ 38°.24 W. 
Latitude, 19° 25/ 17.5 N. 

Director: A. ANGUIANO, 1878. 

Projected in 1876; established in 1878. 

CHRISTIANIA, Norway. 

Universitdts Sternwarte. 
® 

Longitude from Greenwich, 42™ 53°.65 E. 
Latitude, 59° 54! 43/7 N. 

Authority for latitude and longitude: Beschreibung und Lage der 

Universitiéts Sternwarte in Christiania; Verhandlung der fiinften allge- 
meinen Conferenz der europiiischen Gradmessung, p. 300. Expéd. 

chronom. exécutée en 1844 entre Alton and Greenwich. 
Directors: C. HANSTEEN, 1815; 

C, FEARNLEY, 1873. 

Observer: H. GEELMUYDEN. 
Watchman: J. THRONDEN. 
Projected in 1815; constructed in 1818; rebuilt at some distance from 

the first structure in 1830. 

INSTRUMENTS: 

(a) Meridian circles: one; makers, ERTEL, with objective by FRAv- 

ENHOFER and UTrzSCHNEIDER: diameter, 38 inches; divided to 5’, 

read by 4 microscopes to 2/’; aperture of objective, 4 inches; magnify- 

ing power, 180 diameters. 

(b) Portable transit instrument : Piston & MARTINS, makers; aper- 

ture of objective, 2 inches; magnifying power, 80 diameters. 

(c) Equatorial by A. & G. Repsotp. Diameter of circles, 30 inches, 

divided to 3/; read by 2 microscopes to 1/’; aperture of objective, 44 

inches; magnifying power, 50-290. Wire micrometer and ring mi- 

erometer. (c’) Refractor: Makers, G. Merz & SOHNE; objective, 7 

inches; magnifying power, 80-600; diameters of circles 10 and 14 inches ; 

read by 2 Noniers each to 48 and 10’. Wire micrometer. 

(dq) Small universal star-spectroscope by MERZ, a vision directe. 

(g) Clocks: one sidereal: pendulum, by IKESSELS, 1365; one mean time, 

by Urs. JURGENSEN 0G SONNER (for the bifilar): one by L. LAMTVORK 

(for the unifilar); IF’ in the magnetic building. ; 

(h) Chronometers : mean time ; (Box) KESSELS, 1259; (Pocket) KEs- 

SELS, 1280: one sidereal; DENT, 2103. 

(i) Unifilar magnetometer, by MEYERSTEIN; bifilar magnetometer, 
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by MEYERSTEIN ; inclinatometers, by GAMBEY, BARLOW, Dover; siphon 

barometer, by PIsToR ; cistern barometer, by ForTIN; thermometers, 
pluviameters, &c. 

OBSERVATIONS DURING THE PAST YEAR: 

Supplementary observations of zone stars between 64° 50/ and 70° 
10’ N. declination (for the astronomical society). Regular time deter- 

mination (for the benefit of navigation), sent twice a week to all Nor- 

wegian ports. 

(b) Observations for determination of longitude between Christiania 
and Bergen. 

(c) Observations on Comet Hartwig (1880 d.)._(¢’) [1879. Observa- 
tions for the preliminary parallax determination of Argel. Oeltz, 11677 ‘] 

(d) [1873~74. Drawings and measurements of protuberances. | 
(‘) Magnetic observations (twice a day). Meterological observations 

(fifteen every day). 

ADDITIONAL INFORMATION : 

Six astronomical lectures every week by the director, and 5 to 4 by the 

observer. 
Observations for the European ‘‘Gradmessung” were made for the 

determination of azimuth and pole distance, by the director, during 

the months of July and August, at a trigonometrical station near 
Drontheim. 

CuurRts, England. 

Private Observatory. 

Longitude from Greenwich, ————? 

Latitude, ———? 

Director: R. CARRINGTON. 

CoIMBRA, Portugal. 

Observatorio Magnetico-Meteorologico de la Universidade de Coimbra. 

Longitude from Greenwich, 33™ 348.5 W. 

Latitude, 40° 12’ 25/".8 N. 

Directors: J. MONTEIRO DE RocHA, 1796; (?) 
DE PINHEIRO, 1820 ; 

DE SovUZA PINTO, 1855. (?) 
Established about 1796. From 1799 to the present time the Astro- 

nomical Ephemeris has been published here, which for ten years previous 

(since 1789) had been issued at Lisbon. 
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COLLOONEY, Jreland. 

Markree Observatory. 

Longitude from Greenwich, ——— ? 
Latitude, ——— ? 
Director; ——? 

CoLomBo, Ceylon, Asia. 

Private Observatory. 

Longitude from Greenwich, ——— ? 

Latitude, ——— ? 

Director: Mr. GREEN. 

COPENHAGEN, Denmark. 

Universitets Astronomiske Observatorium. 

Longitude from Greenwich, 50™ 19%.2 FE. 

Latitude, 55° 41’ 13/6 N, 

Director : 2 

CORDOBA, Argentine Republic. 

Observatorio Nacional Argentino. 

Longitude from Greenwich, 4° 16™ 455.1 W. 
Latitude, 31° 25/ 155.4 8. 

Director: B. A. GOULD, 1870. 
Proposed in 1869; built in 1871 on an eminence southeast of the town; 

a eruciform structure, with four towers at the extremities of the limbs of 
the cross. The Uranometria Argentina was constructed here, containing 

all the stars, up to those of the seventh magnitude, which are visible 

in the southern heavens. 

Cork, Ireland. 

Observatory of Queens College. 

Longitude from Greenwich, ——— ? 

Latitude, sy 

Director : ———? 

Founded in 1878. Hall for meridian observations. 

(4™.5) in diameter. 

Dome 143 feet 
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CRACOW, Austria. 

Cracow Observatory. 

Longitude from Greenwich, 1" 19™ 508.5 E. 
Latitude, 50° 3/ 50” N. 
Director : ———? 

CRONSTADT, Russia. 

Naval Astronomical Observatory. 

Longitude from Greenwich, ——— ? 

Latitude, ——— ? 

Director : ——— ? 

DANZIG, Prussia. 

Sternwarte. 

Observatory of the Society of Naturalists (Naturforschende Gesellschaft). 
Established in 1783. 

Longitude from Greenwich, 1 14™ 395.3 E. 

Latitude, 54° 21/18” N. 
Directors: J. A. KOCH, 1783 ; 

E. KAYSER, 1850. (?) 

DERPT (Dorpat), Russia. 

Imperatorskaia Astronomicheskaia Observatoria. 

Longitude from Greenwich, 1" 46™ 538.5 E. 

Latitude, 58° 22! 47/.4 N. 

Directors: J. W. A. PFAFF, 1808; 

F. G. W. STRUVE, 1813; 
J. H. MADLER, 1840; 

T. CLAUSEN, 1874; 

h. SCHWARZ, 1878. 

Founded in 1808, as a dependency of the University. In 1825 FRAUN- 

HOFER’S equatorial, with an aperture of 9 inches and a focal length 

of 134 feet, moved by clock-work, the largest and most powerful 

refractor in the world at that time, was mounted there. With the help 

of this instrument the elder STRUVE accomplished his famous Mensure 

Micrometrice, published in 1837, and continued by his successor. 
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DuBLIN, Ireland. 

Dunsink Observatory. 

Longitude from Greenwich, 25" 215 W. 

Latitude, 53° 23’ 13” N, 
Authority for latitude and longitude: Dr. BRinnow. 
Directors: H. USSHER, 1774: 

J. BRINKLEY, 1792; 

W. R. HAMILTON, 1827; 

F. BRUNNowW, 1865; 

Prof. RoBERT 8S. BALL, LL.D., F. R. S., Astronomer Royal 
of Ireland, 1875. 

Assistant: J. L. E. DREYER. 

Observatory of Trinity College. 

Founded in 1774, by means of the legacy left for the purpose by F. 

ANDREWS; built in the midst of a vast park at Dunsink, 3% miles (6 

kilometers) northwest of Dublin. It was not finished until 1792. A 

structure of’ three stories, surmounted by a revolving dome. 

INSTRUMENTS: 
(a) Meridian circle: makers, PISTOR & MARTINS; diameter of circles, 

36 inches; divided to 2’; read by 8 microscopes to 1’; aperture of ob- 

jective, 6.4 inches; magnifying power ordinarily employed, 150 diam- 

eters. 
(b) Meridian transit instruments: one, made by RAMSDEN; aperture, 

4 inches: not in use. (b’) One with reversible circle by RAMSDEN & 

BERGE; object-glass, 3 inches ; diameter of circle, 8 feet ; 5 micrometers: 

not in use. 

(c) Equatorial, instruments: one; makers, CAUCHOTX object-glass, 

GRUBB mounting; aperture of objective, 117 inches; magnifying powers 

of eye-pieces, 300: is generally used. (c’) One of four inches aperture ; 

English equatorial by TULLEY.(?) Hardly ever used. 

(d) Spectroscopes: one of BROWNING’S two-prism spectroscopes ; and 

one of VOGEL’s small-star spectroscopes. 

(f) Chronograph: maker, GRUBB; two barrels and controlled clock. 

(g) Clocks: one mean time; maker, Boorn of Dublin: one sidereal ; 

maker, DENT, London. 

(h) Chronometer: sidereal ; maker, M’MASTER. = 

(¢) Miscellaneous: The mean-time clock controls by electricity the 

clocks in the port and docks board and Trinity College, the distance 

being about five miles from Dunsink. 

Dunsink Observatory belongs to Trinity College, Dublin. An annual 

visitation of the Observatory is held every summer by the board of 

Trinity College. 

OBSERVATIONS DURING THE PAST YEAR (1580): 

The mefidian observations of red stars (commenced by Dr. COPE- 
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LAND ine1875-1876, and taken up by Mr. DREYER in September 1878), 

were finished in the summer 1880, each star being observed four times 

or oftener. The reductions to the epoch 1875.0 were nearly finished by 

the end of the year. 

The south equatorial has been employed entirely in observations for 

annual parallax by Dr. BALL. During 1880 a series for Groombridge 

1618 was completed, and from the distances of + 50°, 1724, a parallax of 

+ 0”, 3196 + .052 has been concluded; for Gr. 1618 a series for P IIL 

242, recommended by STRUVE (M.N. vol. xx, p. 8), gives a parallax of 

— 0.045 + 0.070 (M.N., November, 1880). A series for Schj. 249 (a) 
(red stars) has been completed, but not reduced, and a series for 
Cephei and < 2486 have been commenced. The sweeping observations 

described in Dunsink Observations, Part IIT, have also been continued. 

WORK PROPOSED FOR THE COMING YEAR (1881): 

The meridian circle is proposed to be employed in a reobservation of 

ARGELANDER’S southern zones, commencing with the zone —15° to 

—20°, and extending perhaps a few degrees more south if it appears 

practicable. 

The equatorial is proposed to be employed in a continuation of the 

parallax observations, much of which work is at present in hands. 

PRINCIPAL PUBLICATIONS OF THE OBSERVATORY: 

RoBERT S. BALL: Elements of Astronomy, London, 1 vol., 459 p. 

ROBERT S. BALL: On the Parallax of P III 242. M.N., November, 

1880. 

J. L. E. DREYER: A record of the progress of astronomy during the 

year 1879. Proceedings of the Royal Dublin Society. 

Dun Ecut, Scotland. 

Private Observatory. 

Longitude from Greenwich, 9" 40° W. 
Latitude, 57° 9/ 56” N. 
Authority for longitude: Ordnance Survey; for latitude, observa- 

tions with a Sums alt-azimuth. The transit circle confirms the result 

within a fraction of a second. 

Astronomer : RALPH COPELAND, Ph. D. 

Assistant: J. G. LOHSE. 

Computer: H. J. CARPENTER. 
General mechanic: T. KIRKWOOD. 

Messenger and meteorology reader : J. MCPHERSON. 

Dun Echt Observatory, the property of the Earl of Crawford and 

Balearres (late Lord LINDSAY), is on the estate of Dun Echt, about 15 

miles west of Aberdeen. 
Height above the sea, 464 feet to cistern of standard barometer. 
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INSTRUMENTS: 

(a) Meridian circles: 1. Transit circle by TrRovuGHTON & SDIMMS; one 
movable and one fixed Cel diameter 36 inches divided to 5: 16 

microscopes (carried by 2 Alidade circles, 1 movable and 1 fixe d), read- 
ing to 1’-tenth by estimation; aperture of object-glass 8.59 inches ; 
61-inch collimators; 24-inch ante telescope. 2. Reversing transit with 
W’s for meridian and prime vertic: ul, by T. Cookr & Sons; 4-inch 

object-glass. 3. Transit instrument Oy TrouGHTON & Smoms; 23-inch 
object-glass. 

(b) Meridian transit instruments: 1. Att-azimuth, by TRouGHron & 
Smms; 12-inch circles, divided to 5’; 4 microscopes, vertical and hori- 

zontal circles reading seconds and tenths by estimation. Horizontal 
circle movable. 2. Theodolite by T. Cooke & Sons. 3. Theodolite by 

APPS. 

(c) Equatorial instruments: One 15.06-inch refractor by GRUBB. Sey- 

eral sets of eye-pieces. Bifilar micrometer. MERz helioscope. DAWES 

solar eye-piece, 2, 3, 74 inch finders. This telescope is controlled abso- 

lutely by the sidere: os clock. Driving-clock by T. CookE & Sons, made 
to special design. 2. One 12.9-inch reflector 122.5 focus; mirror by 

Rey. H. CooPER Key English mounting. 3. One 124-inch reflector by 

BROWNING. Solar spectroscope. 4. One 6.06-inch refractor by SIMs ; 

bifilar and double image micrometers, used generally for comet seeking. 

5. One 6.04-inch refractor by T, CookE & Sons. Complete. 6. One 
4-inch refractor by T. Cooke & Sons; bifilar micrometer. Clock by 

EICHENS. Complete. 7. One 3-inch refractor by T. CookE & Sons; 

bifilar micrometer. Complete. 

(d) Spectroscopes: Large solar spectroscope with 1 whole and 2 half 

RUTHERFURD prisms with reversion and heliometer viewing telescope. 

Stellar spectroscope modified at Dun Echt (the one most used). BRown- 

ING 5-prism automatic solar spectroscope and 2 stellar ones; also VOGEL 

spectroscope by HEUSTRELL, and a variety of direct vision, quartz, and 

other prisms. Besides the above-mentioned spectroscope there is a 

6-prism automatic reversing table instrument by BROWNING, and a hand 

direct vision spectroscope used for Aurore. 

(e) Photometer: Zéllner astro-photometer by AUSFELD of Gotha. 

(f) Chronographs: 1. 4-fold barrel. chronograph, each eles a run 

6 hours, driven by the same clock as the 15.06- inch equatorial. . Port- 

able fillet chronograph by SIEMENS. 

(g) Clocks : 1. Sidereal clock, quicksilver compensation by FRODSHAM. 

2. Mean-time aan quicksilver compensation by MOLYNEUX. 3. Elec- 

trie clock, outside dial and time gun, 

(h) Chronometers : 1. KULLBERG; meantime. 2. FARQUHAR; mean 

time. 3. J. WALKER; meantime. 4. FRODSHAM; mean time 8-day. 

5. WALKER; sidereal (electric contact). 6. WALKER; sidereal. 7. 

McLENNAN; >‘; seconds ; pocket M.T. 

(7) Meee ianicons 1. Metre: A copy of the métre des Conservatoire. 
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FROMENT. 2. Linear dividing engine by FROMENT. 3. Linea divid- 

ing engine by ELLIOTT BROTHERS. 4. Photograph measuring machine 

by GRUBB. 5. Balance by OERTLING. 6. Five 2-meter and one 14- 

meter bars. GRUBB. 7. Two comparator microscopes and long stone 

table. 8. 10-inch wheel cutting engine; Swiss. JENSSEN & HENSEN. 
(j) 1. Sprengel pump 6 end on and many GEISSLER tubes. 2. Air- 

pump and apparatus. 

(k) Various photographic apparatus. 

(!) A large assortment of electrical and electro-magnetical apparatus. 

One standard and one marine barometer: NEGRETTI & ZUMBRA. Vari- 

ous thermometers. 7-inch spherometer, 1 part =7>5)55 inch, zoesoa th by 

estimation; 4-inch spherometer; both by H1LGrer. Arithmometer by 

THOMAS DE COLMAR; 6 places. Arithmometer by THOMAS DE CoL- 

MAR; 10 places. Foucault siderostat by EICHENS; 16-inch mirror (and 

a spare one), silver in glass, by A. MARTIN. Silbermann heliostat by 

DuBoscg. Heliostat by BROWNING. King’s barograph and anemo- 

graph by CASELLA. Binocular microscopes by SmirH & Beck and 

Ross. Polariscope by LADD; 10-inch, 6-inch, and 4-inch induction coils 
by Apps. A large collection of cut crystals; also diffraction appara- 

tus by SCHWERD. 

The library is now getting to be very large and fairly representative. 

It is rich in early editions of astronomical and mathematical writers. 

The departments of periodicals and learned societies are good; the sec- 

tions of optics and comets are fine. No opportunity of adding to the 

collection is missed. It has been found necessary lately to provide about 

500 feet of additional shelving. 

WORK DONE DURING THE PAST YEAR (1880): 

The work during 1880 has been chiefly cometary and spectroscopic 

observations with the 15-inch refractor and determination of compari- 

son stars with the transit circle; Mars was compared with a Orionis 

and «a Tauri with the astrophotometer. 

Some specimens of glass were tested with a spectrometer made from 

an old alt-azimuth instrument. 

The greater part of the time has been devoted to the reduction of the 

observations connected with Lord Linpsay’s Transit of Venus Expedi- 

tion. These reductions are now approaching completion. 

WORK PROPOSED FOR 188]: 

The same class of work is proposed for 1881. 

PUBLICATIONS: 

No considerable works were published in 1880. Various papers were 

communicated to the “ Astronomische Nachrichten”; Monthly Notice 
of the “‘ Royal Astronomical Society,” and ‘ Urania,” besides which T 
special circulars were distributed to all applicants. 

2 
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DURHAM, England. 

Observatory. 

Longitude from Greenwich, 6™ 19°.8 W. 
Latitude, 54° 46/ 6.2 N, 

Directors: T. CHEVALLIER, 1840; 
G. A. GOLDNER, 1872. 

Founded by subscription in 1840, First observations made in 1842, 

DUSSELDORF, Prussia. 

Sternwarte (formerly named Bilk). 

Longitude from Greenwich, 27™ 5s E. 

Latitude, 51° 12/ 25” N. 
Authority for latitude and longitude: “Astronomische Nachrichten” 

643, and “ Berliner Jahrbuch.” 
Directors: J. F. BENZENBERG, 1809; 

I, BRUNNOW, 1848; 

ROBERT LUTHER, 1855. 

Established in 1809, by J. F. BENZENBERG, the savant, who in 1844 

erected a more complete building at Bilk, 14 miles (two kilometers) 
south of the town. This establishment, liberally endowed by its founder, 

became the property of the town in 1847, and was enlarged by it in 1852. 

Nearly twenty of the minor planets have been discovered here. 

INSTRUMENTS : 

(a) An old repetition circle of one foot, by the late BAUMANN, at 
Stuttgart, giving 10” of centesimal division. 

(b) Meridian transit instrument made by the late EMIL SCHROEDTER, 

at Diisseldorf, objective from Munich, focal distance 2 feet, aperture 2 
inches, little circle divided in half degrees, with nonius, one minute. 

(c) New equatorial instrument, made by CHARLES BAMBERG, at Ber- 

lin, in use since September, 1877, objective by Dr. SiamMUND MERZ, at 

Munich, focal distance 7 feet, aperture 7 inches, magnifying powers of 

eyepieces 49 to 188. Stars of the 11.5 magnitude can be seen with it. 

Old reserve tube with horizontal and vertical motion, made by MERZ 

& Sons, at Munich, 1847, focal distance 6 feet, aperture 44 inches. Stars 

of the 11.0 magnitude can be seen with it. 

(n) Two old sidereal time clocks made by UTZSCHNEIDER & FRAU- 

ENHOFER, at Munich. 

(h) One mean-time chronometer by KESSELS, at Altona, and a Swiss 

watch. 

Some small instruments of minor importance. 

S. Mis. 31 44 



690 REPORTS OF ASTRONOMICAL OBSERVATORIES. 

OBSERVATIONS DURING THE PAST YEAR (1880): 

Besides the determination of clock errors there have been made at 

this Observatory, during the year 1880, 50 observations of 18 minor 

planets, and since 1848, 993 observations of 128 minor planets, published 

in the “Astronomische Nachrichten.” 

WORK PROPOSED FOR THE COMING YEAR (1881): 

It is intended to continue the observations and calculations of planets. 

EDINBURG, Scotland. 

Royal Observatory. 

Longitude from Greenwich, 12™ 438.05 W. 
Latitude, 55° 57’ 23.2 N. 

Directors: RK. BLATR, 1780; 

1. HENDERSON, 1833; 

C. P. SmyTH, 1846. 

The old Observatory, founded by subscription in 1776, was not com- 

pleted until 1792. No Observations were ever made there. The new 
observatory was projected in 1812, and erected on shares in 1818. The 

municipality donated the ground. In 1834, the founders ceded its ad- 

ministration to the State, and in 1846 made over the ownership. Time 
signals have been given there since 1855. Since 1872, the firing of a 

cannon has been substituted for the former ball. 

ELSFLETH, Germany. 

Observatorium der Navigations ‘Schule. 

Longitude from Greenwich, - ? 
Latitude, 2 

Director: C. BEHRMANN, 1876. 

FLORENCE, Italy. 

1. Osservatorio Astronomico ; 2. Osservatorio del R. Museo. 

Longitude from Greenwich, 45™ 18.5 E. 
Latitude, 43° 46’ 4.1 N. 
Directors: F. FONTANA, 1774; 

D. DI VECCHI, 13807; 

DEL Ricco, 1815; (?) 

G. INGHIRAMI, 1818; 
J. L. Pons, 1829; 

G. B. Amici, 1831; 

G. B. DONATI, 1864; 

W. TEMPEL, 1873. 
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The first Observatory here was established by the Jesnits at San 
Giorannino College, later called The Religious Schools (Scole Pie). A 
second was proposed by the government in 1774 as an annex to the 
Museum of Physics and Natural History of the Pitti Palace. It was 
built from 1777 to 1784, and afterwards the establishment was trans- 
ferred to the hill of Arcetri, where GALILEO lived during the latter part 
of his life. 

FRANKFURT A. M., Prussia. 

Private Observatory. 

Longitude from Greenwich, 2 

Latitude, 2 

Director: Dr. EPSTEIN. 

GENEVA, Switzerland. 

Observatoire de Genéve. 

Longitude from Greenwich, 24™ 36°.77 E. 
Latitude, 46° 11’ 58.8 N. 

Directors: J. A. MELLET FAVRE, 1772; 
M. A. PICTET TURRETIN, 1790; 

J. F. T. MAURICE, 1794; 
P. PICTET, 1802; 

A. GAUTIER, 1819; 
L. F. WARTMANN, 1832; 

E. PLANTAMOUR, 1840. 

Founded in 1771, completed in 1773. Octagonal structure built in 

great part at the expense of J. A. Mellet, upon a casemate of the Bastion 

Saint Antoine. In 1829 the representative council of the canton passed 

a resolution for the construction of a new Observatory to be built upon 

the same bastion not far from the old edifice. It is composed of a main 

building of one story, and of two lateral turrets with hemispheric domes. 

GENOA, [taly. 

Osservatorio della R. Universita. 

2 Longitude from Greenwich, 
Latitude, 2 

Director : q 
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GEORGETOWN, British Guiana. 

Observatory. 

Longitude from Greenwich, 2 
Latitude, 4 

Director : 2 

GLASGOW, Scotland. 

Observatory. 

Longitude from Greenwich, 17™ 10°.6 W. 
Latitude, 55° 52/ 42/.8 N. 

Directors: J. P. NICHOL, 1840; 

R. GRANT, 1860. 
Commenced in 1818 at the expense of a society. Permanently or- 

ganized in 1840 with the help of a public subscription, of one subsidy 

from the University and another from the State. In 1862 a special hall 

was added for an equatorial, which has an aperture of 9 inches: (0™.23.) 

GOTHA, Germany. 

Sternwarte. 

Longitude from Greenwich, 42™ 508.53 E. 
Latitude, 50° 56/ 37/5 N. 

Directors: F. X. VON ZACH, 1787; 
B. A. VON LINDENAU, 1808; 
J. F. ENCKE, 1817; 

P. A. HANSEN, 1825; 

A. KRUGER, 1875. 

The first Observatory was erected in 1784 on the Seeberg (Lake Mount- 
ain) 14 miles (two kilometers) from the town. One of the first mural cir- 
cles constructed to replace quadrants, made by RAMSDEN, was mounted 

here. In 1853 a new Observatory was built in the Jiigerstrasse, not far 

from the ducal palace. 

GOTTINGEN, Prussia. 

Konigliche Sternwarte. 

Longitude from Greenwich, 39™ 46°.24 E. 
Latitude, 51° 31! 47/.9 N. 

Authority for latitude and longitude: ‘Berliner Yahrbuch.” 
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Directors: J. A. Von SEGNER, 1735; 

. J. TOBIAS MAYER, 1754; 
G. M. LoRNITz, 1762 ; 

A. G. KASTNER, 1764; 
K. F. VON SEYFFER, 1800; 

C. F. Gauss, 1807; 

Dr. E. F. W. KLINKERFUEs, 1856. 
Assistant: D,. HEIDORN, calculator. 

Founded in 1734, at the same time with the University, and located in 

one of the round towers of the ancient fortification, around which was 

built an exterior gallery. In 1811 the Observatory was transferred to a 

more suitable spot outside the southern gate-way of the town. This new 

building is on the plan of a rectangle, with the longer sides facing east 

and west. An addition is made by wings to the north, a eupola sur- 

mounts the central vestibule, and a terrace encircles the whole struct- 

ure. In 1818 the first meridian circle ever made and mounted in Europe 

was placed there. The maker was J. G. REPSOLD. 

INSTRUMENTS: 

(a) Meridian circles: one made by REPSOLD, sr., of Hamburg; diame- 

ter of circle, 34 feet, divided to 5’; read by two microscopes to 1/’; aper- 

ture of objective 44 inches (114"™); magnifying power ordinarily em- 

ployed, 96 diameters: one made by REICHENBACH, of Munich; diame- 
ter of circle 3 feet; divided to 3’; read by four microscopes to 0.24; 

aperture of objective 44 inches (109™™); magnifying power ordinarily 

employed, 50 diameters. 
(b) Meridian transit instrument: maker, REICHENBACH, of Munich ; 

aperture, 44 inches (116™™); magnifying power, 75 diameters; (b’) one 

portable, maker, ERTEL, of Munich. 

(c) Equatorial instrument: maker, FRAUENHOFER, of Munich; aper- 

ture of objective 2.9 inches (74"™); magnifying power of eye-piece, 75. 

(c') Five telescopes: makers, Ist, MERZ, of Munich; 6 feet long, aper- 

ture 5 inches; 2d, SrEINHEIL, of Munich; 5 feet long, aperture 4 inches; 

3d, DoLLoND, of Munich; 4 feet long, aperture 3} inches; 4th, DoL- 

LOND, of Munich; 3 feet long, aperture 3 inches; oth, PLOssL, of 

Vienna; 28 inches long, aperture 2} inches. Three comet-seekers: 

makers, 1st, Merz, of Munich; 6 inches aperture; 2d, MERZ, of Mu- 

nich; 3 inches aperture; 3d, VOIGTLANDER, of Brunswick; 24 inches 

aperture. 

(d) Spectroscope: by MERZ, of Munich. 

(f) Chronograph: by AUSFELD, of Gotha. 

(g) Clocks: one mean time; maker, CASTENS; two sidereal: makers, 

Ast, Harpy, of London; 2d, SHELTON. i yal 

(h) Chronometers: four mean time; makers, 1st, BERTHOUD; 2d, SACK- 

MANN; 3d and 4th, KNoBiicH; 5th, HARDY, sixtieth part of a second. 

(i) Miscellaneous.: heliometer by FRAUENHOFER, of Munich; theoda: 

lites, one by REICHENBACH, two by MEYERSTELN; sextants by CARY, 
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TROUGHTON, PISTOR, STEINHEIL, and BREITHAUPT; two heliotropes 

by MEYERSTEIN. 

OBSERVATIONS DURING THE PAST YEAR: 

(b) Observations on planets and comets. 

(c) Observations on comets with the six-foot refractor of MERZ. 

PRINCIPAL PUBLICATION DURING PAST YEAR, 1880, 1881. Prof. Dr. 
KLINKERFUES: Tobias Mayer’s gréssere Mondkarte, nebst detailzeich- 
nungen, 13 Karten, mit Text. 

GREENWICH, England. 

Royal Observatory. 

Longitude from Washington, 5° 8™ 125.09 EB. 

Latitude, 51° 28’ 38/.4 N. 

Authority for latitude and longitude: Nautical Almanac, Greenwich 
observations 1878. 

Directors: J. FLAMSTEED, 1675; 

EK. HALLEY, 1720; 
J. BRADLEY, 1742; 

N. BuIss, 1762; 

N. MASKELYNE, 1765; 
J. Ponn, 1811; 

Sir G. B. Atry, K. C. B. (Astronomer Royal), 1835. 

Chief assistant: W. H. M. CHRISTIE. 

First-class assistants: EDWIN DUNKIN; 

G. 8. CRISWICK. 

Second-class assistants: A. M. W. DOWNING; 
Ei. W. MAUNDER; 

W. G. THACKERAY; 

And one vacancy. 

Founded by royal statute on the 4th May, 1675. Built in the park at 

Greenwich by CHRISTOPHER WREN, architect. At first it consisted 

merely of an octagonal tower. In 1860 FLAMSTEED put up an addi- 

tional wing to accommodate the mural sector, with the help of which he 
made his catalogue of stars. The board of visitors was created in 1710. 

In 1749 and the years immediately following great improvements 

and additions were made. The sector used by BRADLEY in discovering 

the phenomenon of aberration was transferred to Greenwich, and BIRD 
supplied a mural quadrant with a radius of 7 feet 10$ inches (2™.4), 

besides remodeling the one made by GRAHAM. A statute of 1765 con- 

firmed the right of supervision vested in the Royal Society and exer- 

cised by the board of visitors. In 1770 two revolving domes were con- 

structed upon the turrets, and these have served as models for all 

revolving turrets since constructed. In 1772 the first achromatic 

object-glass ever used at Greenwich was attached to the south quad- 

rant. It had an aperture of 22 inches (68 millimeters). In 1779 the 
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expediency of enlarging the meridian openings was acknowledged; 

hitherto the aperture had only been 6 inches (0™ 15°). cis 
At the beginning of the present century it became necessary to re- 

build the Observatory, and the work, continuing until 1811, consisted in 
the construction of two rectangular buildings, the eastern one being the 

Observatory proper and containing halls for the meridian instruments, 

the library, and office, while the western structure was intended for the 

dwelling-house of the superintendent. It was in one of these new halls 

that the first model of a mural circle, 5 feet (1™ .5) in diameter, con- 

structed by EH. TROUGHTON, was placed in 1812. 

The present organization of Greenwich Observatory dates from a royal 

statute of 1830. According to the terms of this statute the board of 

visitors consists of the members of the Royal Society, the members of 

the Astronomical Society, and the Oxford and Cambridge professors of 

astronomy. In 1844 the first alt-azimuth was set up. It was designed 

by Airy, and made by RANSOME & MERZ and TrRouUGHTON & Spims, 

being intended for lunar observations. ; | 
As a finishing touch, the immense dome to the southeast was built in 

1859 for the reception of the equatorial of W. SmmMs, with an object- 

glass, by G. MERZ, having a focal length of 34 feet 5 inches (10 .5); 

now used for spectroscopic work. 

The observations made annually at Greenwich have been published 

regularly since 1765. In the first volume of this publication we find the 

first notice of the illumination of the reticulation in a meridian instru- 

ment by means of the axis of the spy-glass. 

INSTRUMENTS: 

(a) Meridian circle: one; makers, RANSoMES & MAY (engineers), 

TRoUGHTON & Simms (opticians) ; diameter of circle, 72 inches ; divided 

to 5’; read by six microscopes to 0.06 ; four supplementary microscopes 

for determination of division errors and occasional use: aperture of 

objective, 8.1 inches; for observations of the sun, aperture employed, 

8.1; magnifying power ordinarily employed, 195 diameters. 

(b’) Alt-azimuth : makers, RANSOMES & MAY and W. SIMMS; aperture, 

4 inches. Magnifying power, 100; diameter of circles, 5 feet, divided 

to 5’, aS 

(c) Equatorial instruments: makers, RANSOMES & SIMMS (engineers) 

TROUGHTON & SEMMS (opticians), MERZ (objective) ; aperture of object- 

ive, 12.8 inches; magnifying power of eye-pieces, 60 to 1500. (c!) Sheap- 

shank’s equatorial: makers, T. GRUBB, CAUCHOIX, (objective) ; aperture 

of objective, 63 inches. Naylor equatorial: maker, T. CooKn, ot ¥ ork; 

aperture, 6 inches. Shuckburgh equatorial: maker, RAMSDEN; aperture, 

4.1 inches. 

(d) Spectroscopes : half-prism spectroscope; 

vision : one, two, or three compound “ half prisms 

to H) of about 184°, 83°, and 335°. Single-prism stereoscope: Makers, 

TRouGHTON & Sms; one flint prism. 

maker, HILGER. Direet 

’ with dispersions (A 
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(e) Photometer: AtRY’S double-image micrometer; makers, TROUGH- 
TON & SIMMS. 

(f) Chronograph : makers, KE. DENT & Co. 

(g) Clocks : one mean time; makers, SHEPHERD & Son: one sidereal; 
makers, E. DENT & Co., HARDY, ARNOLD, GRAHAM. 

(hk) Chronometers: mean time; makers, various. There are always on 

hand a large number rated for the navy; some of these are used when 

necessary for the Observatory. Sidereal; none of accurate character. 

(i) Miscellaneous : Photoheliograph ; maker, DALLMEYER ; aperture of 

objective, 4 inches. Several portable telescopes ; aperture, 4 inches to 

23 inches. Five other 6-inch equatorials (packed in cases) returned 

from Transit of Venus Expedition, 1874. Five 35-inch portable transits 

by Stmms; one 14-inch alt-azimuth by Smuums; three 14-inch altitude 

instruments by Stums; four photoheliographs by DALLMEYER (all re- 

turned from the Transit of Venus Expeditions, 1874). 

OBSERVATIONS DURING THE PAST YEAR AND WORK PROPOSED 

FOR THE COMING YHAR (1881) : 

On all the points mentioned here very full information will be found 

in the “ Introduction to the Greenwich Observations” and in the “As- 

tronomer Royal’s Report to the Board of Visitors”. 

PRINCIPAL PUBLICATIONS OF THE OBSERVATORY DURING THE 

YEAR 1880: 

The following are included in volume of Greenwich observations and 

also published separately: Greenwich observations for 1878, published 

in London (H. M. Stationery office), 884 pages; Astronomical results ; 

Spectroscopic and photographic results ; Magnetical and meteorological 

results; Introduction to Greenwich observations; Rates of chronome- 

ters on trial for purchase, 1879; Report of Astronomer Royal to board 

of visitors, 7 June, 1879; Spectroscopic and photographic results, 1879. 

HALIFAX, Hngland. 

Bermerside Observatory, Skircoat. 

Longitude from Greenwich, - 2 
Latitude, ———? 

Director : ——$——? 

HAMBURG, Germany. 

Sternwarte. 

Longitude from Greenwich, 39™ 538.7 E. 

Latitude, 53° 33/ 7” N. 
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Directors: MOSER, 1823; 
K. L. C. RUMKER, 1830; 

Dr. GEorG F. W. RUMKER, 1863. 
Secretary: Dr. CARL SCHRADER. | 

Built by J. G. REPSOLD, in 1810, upon a location near the Altona 

gate; destroyed by the Haeneh in 1813; rebuilt in 1825, through a leg- 

acy left by GRELL, upon the site of the old ramparts, and still in the 
neighborhood of the Altona gate. It has a central hall for meridian 
instruments, and two wings surmounted by turrets. The east wing is 

used tor a school of navigation. 

HELSINGFORS, Russia. 

Magnetnaia e Meteorologicheskaia Observatoria. 

Longitude from Greenwich, 1" 39™ 495.16 E. 
Latitude, 60° 9/ 43.3 N. 

Directors: F. W. A. ARGELANDER, 1829; 
G. LUNDAHL, 1841; 

F.. WALDSTEDT, 1852; 

A: KRUGER, 1852. 

Founded in 1829, near the University, after the fire at Abo had de- 

stroyed the scientific instruments of that Finnish town. It was at Hel- 

singfors that ARGELANDER completed and published his famous cata- 

logue of the proper motions of the stars. This Observatory is the most 

northerly in the world (latitude 60° 9’). 

IpswicH, England. 

Orwell Park Observatory. 

Longitude from Greenwich, 2 

Latitude, ———? 
Director : ———? 

JENA, Saxe- Weimar. 

Sternwarte. 

2 Longitude from Greenwich, 

Latitude, 2 

Directors: J. ¥. PoSsELT, 1820 ; 

L. ScHRON, 1852 ; 

E. ABBE, 1878. 

Built in 1820 in the same garden where Sc HILLER wrote Wallenstein. 
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KALocsa, Hungary. 

Kalocsa Observatory. 

Longitude from Greenwich, 2 
Latitude, 2 
Director : ? 

KARLSRUHE, Baden. 

Sternicarte. 

? Longitude from Greenwich, 
Latitude, 2 

Director: W. VALENTINER. 

Transferred from Mannheim in 1879. 

KASAN, Russia. 

Observatoria. X 

Longitude from Greenwich, 3* 16™ 28°.9 E. 

Latitude, 55° 47/ 24.2 N. 
Directors: J. J. LITTROW, 1814; 

J. M. SIMONOFF, 1816; 
M. LIAPUNOW (or LEPOUNOFF), 1846; 

M. KOWALSKI, 1854. 
Founded in 1814 by the University. Constructed upon a very solid 

ancient structure ; square tower, 23 feet (seven meters) in height. The 

southern gallery adjoins a wooden shed at its west angle, which has a 

movable roof. Theduilding, with a portion of the instruments, was 

burned on the.occasion of a fire which destroyed part of the town on the 

5th September, 1842. Immediately restored. 

Kew, England, 

Kew Observatory. 

Longitude from Greenwich, 1™ 158.1 W. 

Latitude, 51° 28/ 6” N. 
Director : 2 
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KHARKOFF, Russia. (Charkow.) 

Observatoria. 

Longitude from Greenwich, 2" 24” 54,7 BE. 
Latitude, 50° 0'10’.2 N. 

Director: J. FEDORENKO. 

Recently established. 

KIEL, Prussia. 

Konigliche Sternwarte. 

Longitude from Greenwich, 40™ 355.76 E. 

Latitude, 54° 20/ 29.7 N. 
Directors: C..A. W. PETERS, 1873; 

* Prof. Dr. A. KRUEGER, 1880. 

Founded in 1873 by the transfer of the Observatory from Altona, 

(See ALTONA.) 

KIEW, Russia. 

Observatoria. 

Longitude from Greenwich, 2" 2™ 08.64 Ei, 

Latitude, 50° 27’ 11.1 N. 
Directors : FEADOROW, 1838 ; 

A. SCHIDLOFFSKY, 1855; 
M. K. LANDRICOFF, 1872. 

Established in 1838 as an annex to the University. 

KILMARNOCK, Scotland. 

Observatory. 

2? 

Longitude from Greenwich, 

Latitude, ———? 

Director : 2 

KgOBENHAVN, Denmark. (Copenhagen.) 

Universitets Astronomiske Observatorium. 

Longitude from Greenwich, 50™ 19°.2 E. 

Latitude, 55° 41/ 13.6 N. : 

Directors: C. LumBore (Latin, Longomontan us), 1637; 

T, BARTHOLIN, 1647 ; 

O. RoEMER, 1681; 
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PETER I. HORREBOW, 1714; 
C. HORREBOW, 1753; 
T. BUGGE, 1777; 

H. C. SCHUMACHER, 1815; 
Von CAROC, 1822; 

C. F. R. OLUFSEN, 1832; 

H. D’ARREST, 1856; 

T..N. THIELE, 1876. 

Assistants: SCHJELLERUP; 

PECHULE. 
Founded in 1637, but only completed in 1656. The first edifice was 

destreyed by fire the 20th of October, 1728. The Observatory was re- 

established in the round tower belonging to the University. In 1820 

a wooden addition was made to it on the Holken bastion. Finally, in 

1857, it was reorganized and removed to the glacis of the fortress be 

tween the citadel and the Osterthor (eastern gate). 

KONIGSBERG, Prussia. 

Universitdts Sternwarte. 

Longitude from Greenwich, 1® 21™ 585.91 E. 
Latitude, 54° 42/ 50.6 N. 

Directors: Z. W. BESSEL, 1811; 
A. L. BuscH, 1849; 

M. L. G. WICHMANN, 1866 ; 
Prof. E. LUTHER, 1860. 

Constructed in 1811 on one of the most elevated points of the ram- 

parts to the northwest of the town. <A main building divided into two 

great halls—a northern and a southern. Two wings—one the meridian 

hall, the other an addition. With the use of a meridian circle, made by 

REICHENBACH and ERTEL, 0™ 97 in diameter, BESSEL and his assistants 
accomplished the work known as the “ K6énigsberg Zones,” giving the 

exact positions of 62,000 stars between the parallels of — 15° and + 45°. 

This great undertaking was begun 19th August, 1821, and finished 

January 21, 1833. 

KRAKAU, Austria. (Cracow.) 

K. K. Sternwarte. 

Longitude from Greenwich, 1° 19™ 50%.5 E. 
Latitude, 50° 3/ 50” N. 

Directors: J. J. VON LirtTRow, 1807; 
J. LESKI, 1811; 

M. WEISSE, 1825; 

Prof. Dr. FRANCIs M. KARLINSKY, 1864. 
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Assistants: Dr. DANIEL WIERZBICKI; 
JOHN RALSKI. 

Established in 1807 as an annex to the University. Turned 
powder magazine by the French in 1809. ; 
a little to the north of the first building. 

into a 

Set up once more on 4 spot 

KREMSMUNSTER, Austria. 

Sternwarte. 

Longitude from Greenwich, 56™ 328, 2 E. 
Latitude, 48° 3! 23, 7 N, 

Directors: A. DESING, 1748; 
P. FIXLMILLNER, 1761; 
T. DERFFLINGER, 1791; 

B. SCHWARZENBRUNNER, 1824; 
M. KOLLER, £830; 

A. RESLHUBER, 1847; 

G. STRESSER, 1875. 

Founded in the convent of the Benedictines in 1748; built in the con- 

vent garden at the northern extremity of the buildings. The Observa- 

tory consists of a*massive tower, eight stories high, with two wings of 

five stories. 

KRONSHTADT, Russia. (Cronstadt.) 

Morskaia Astronomicheskaia Observatoria. 

Longitude from Greenwich, ———? 

Latitude, ———? 

Directors: VY. Fuss, 1540; 
A. F. GRIGORIEFF. 

Assistant: P. S. SHUBIN. 

Observatory of the school of pilots. Founded about 1840. 

LEIPZIG, Saxony. 

Universitdts Sternwarte. 

Longitude from Greenwich, 49™ 34°. 02 E. 

Latitude, 51° 20/ 6”. 3 N. 

Directors: C. F. RUDIGER, 1794; 

K. B. MoLLIVERDE, 1811; 

A. F. MoEBIUS, 1816; 

G. A. JAHN, 1845; 

C. C. BRUENS, 1860. 

Constructed, from 1787 to 1794, upon the great tower of the castle of 

Pleissenburg. A new Observatory, situated at the extreme end of one 

of the suburbs, took the place of the old one in 1861. 
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LEMBERG, Austria. 

Observatory of the University 

LEYDEN, Holland. 

Rijks Observatorium. 

Longitude from Greenwich, 17™ 568.35 E. 
Latitude, 52° 9/ 20” N. 

Directors: J. GOLIUS, 1632; 
S. C. KECHEL, 1667; 
C. MELDER, 1668; 
B. DE VOLDER, 1682; 
L. ZUMBACH DE KOESFELD, 1705; 
W. J. SXGRAVESRUDE, 1717; 
J. LULOFS, 1742; 
D. VAN DE WIJNPRESSE, 1768; 

P. NIEUWLAND, 1794; 
J. A. FAS, 1797; 
J. F. VAN BEEK-CALKOEN, 1799; 
C. E. KAMA, 1812 ; 
F. KAISER, 1837; 

H. G. VAN DE LANDE BAKHUIJZEN, 1872. 

Founded in 1632. The most ancient of existing Observatories in 
-Europe. Originally built, as a great tower for the town clock, 1636. 

Enlarged in 1689. Repaired in 1817. In 1858 a new Observatory was 

commenced, and completed in 1860. 

LEYTON, Essex, England. 

Barclay Observatory. 

Longitude from Greenwich, 08.87 W. 

Latitude, 51° 34! 34”. 
Authority for latitude and longitude, Ordnance Survey. 

Director : CHARLES GEORGE TALMAGE, F. R. A. S. 

INSTRUMENTS: 
(a) Meridian circles : makers, HOUGHTON and Sms ; diameter of cir- 

cles, 36 inches, divided to 5’; read by 4 microscopes to 0’. 1; aperture 
of objective, 4 inches; for observations of the sun aperture employed, 4 

inches; magnifying power ordinarily employed, 80 diameters. 

(c) Equatorial instrument: maker, COOKE, York; aperture of objec- 
tive, 10 inches ; magnifying power of eye-pieces, 70 to 1200. 

(g) Clock: sidereal; maker, StmmMonpDs, London. 
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OBSERVATIONS DURING THE PAST YEAR (1880): 

(a) Clock stars. 

(c). Measures of binary stars, comets, eclipses, occultations, and satel- 
lite phenomena. 

WORK PROPOSED FOR THE COMING YEAR (1881): 

Satellites of Saturn, binary stars, comets, and occultations. 

PRINCIPAL, PUBLICATIONS OF THE OBSERVATORY DURING THE 
YEAR 1878: 

C. G. TALMAGE, Leyton Astronomical Observations, vol. 4, London, 

127 pp. 

ADDITIONAL INFORMATION : 
The Observatory is provided with double — and ring microm- 

eters, with an extra 3-inch telescope, and a small transit instrument. 

LIsBon, Portugal. 

Observatorio Astronomico da Tapada de Alcantara. 

Longitude from Greenwich, 36™ 448.68 W. 

Latitude, 38° 42/ 31/.3 N. 
Directors: G. B. CARBONE, 1722; 

M. Do EsPiriITo-SANTO LIMPO, 17—; 
P. J. M. CIERRA, 1806; 
M. V. Do ConTOo, 1823 ; 
F. DA SILVEIRA, ——; 

T. A. Dom, 1876. 

Established at the Jesuits’ College, 1722; adopted by the state in 

1758. A new Observatory was built in 1857. 

LisBon, Portugal. 

Observatorio Astronomico na Escola Polytecnica. 

Longitude from Greenwich, ? 

Latitude, 2 
Director : i 

For the instruction of students only. 

Lisson, Portugal. 

Observatorio de Marinha. 

Longitude from Greenwich, 36™ 258 W. 

Latitude, 38° 42/ 17.6 N. 

Director: FRANCISCO DE PAULA FERREIRA DE MESQUITA. 

Established in 1798. 
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LIVERPOOL, England. 

Observatory. 

Longitude from Greenwich, 12™ 178.2 W. 
Latitude, 53° 24’ 4” N, 

_ Director: J. HARTNUP, 1845. 
Founded in 1838 by the municipal council; completed in 1848. Trans- 

ferred to Birkenhead, on the opposite bank of the Mersey, in 1867. It is 

provided with an apartment for the examination of chronometers, where 

the temperature can be raised by means of a gas heater. The equato- 

rial is moved by clock-work, set in motion by hydraulic power. The 

time-signal is given to the shipping by firing a cannon. 

Lonvbon, England. 

Private Observatory. 

2 Longitude from Greenwich, 

Latitude, 2 

Director: Mr. GEORGE BisHop. (Now discontinued.) 

Lonpon, England. 

Tulse Hill Observatory [ Upper Tulse Hill, London, 8. W.]. 

Longitude from Greenwich, 27.7 W. 

Latitude, 51° 26’ 47” N. 
Director: 2 

Founded, 1856. Altitude, 170 feet above level of the sea. 

INSTRUMENTS: 

An equatorial instrument by GRuBB, of Dublin, so constructed that 

either a refractor of 15 inches aperture and 15 feet focal length, or a 

CASSEGRAIN reflector with metallic speculum of 18 inehes aperture may 

be placed at pleasure on the same equatorial mounting, so that with 

either instrument the circles read sufficiently for the finding of objects. 

The driving-clock has, in addition to the usual governor balls, a second- 

ary control of a pendulum in electrical connection with a standard 

clock. 
Up to 1870, when the present equatorial was erected, a transit circle 

of 34 inches aperture was mounted in the Observatory. At that time 

the principal instrument the Observatory contained was an 8-inch re- 

fractor by ALVAN CLARK, mounted equatorially by Cooks, of York. 

There is a fine sidereal clock by ARNOLD, and various spectroscopes 

for use with the telescopes on the sun and stars; and there has been 
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recently added a spectroscope with Iceland spar prism and quartz lenses 

for photography of spectra of stars. 

Underneath the Observatory are two rooms, one devoted to chemistry 

and photography, the other to physical experiments in connection with 

spectrum analysis. 

WORK IN 1880: 

Continuation and completion of a series of photographs of spectra of 

various stars. Researches in connection with these spectra. 

(See Philosophical Transactions of Royal Society of London, 1880, 

Part I, p. 669.) 

LUBECK, Germany. 

Sternwarte. 

Longitude frein Greenwich, 42™ 458.55 E. 
Latitude, 53° 51/ 31.2 N. 
Director : ————? 

Lunp, Sweden. 

Lund Observatory. 

Longitude from Greenwich, 52™ 45°.02 E. 

Latitude, 55° 41’ 52/05 N. 

Authority for latitude and longitude: Undersdkning af Meridian 

cirkeln pit Lunds Observatorium jemte bestamming af dentammas 

folhéjd af ANpD. Linpstepr. Bestimmung der Lingen-Differenz 

zwischen Berlin und Lund, auf telegraphischem Wege ausgefiihrt im 

Jahre 1868. Herausyegeben von C. Bruhns. 

Directors : ———- ———; 

A. LIDTGREEN, 1786; 

_——__— ——_—_, 181; 

J. M. AGARDT, 1847; 

AXEL MOLLER, professor of astronomy. 

Assistants: N. C. DUNER, observer ; 

F. Enastrom, cand. phil. 

Founded as a dependency of the University about 1769. Reorganized 

in 1866. 

INSTRUMENTS: 

(a) Meridian circle: one; makers, A. & G. REPSOLD, in Hamburg; 

diameter of circles, 39 inches (1 meter); divided to 2’; read by 4 micro- 

scopes to 0.1/7; aperture of objective, 63 inches (163""); magnifying 

power ordinarily employed, 173 diameters. 
} 

(c) Equatorial instruments : makers, G. & S. MERZ, in Munich, and EK. 

JUNGER, in Copenhagen; aperture of objective, 94 inches (245™™); mag- 

S. Mis. 31——45 
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nifying powers of eye-pieces, 80 to 1,300 diameters. (c’) Makers, A. 

STEINHEIL, in Munich, and E. JUNGER, in Copenhagen; aperture of ob- 
jective, 44 inches (108™™"); magnifying powers of eye-pieces, 16 to 200 

diameters. 
(d) Universal spectroscope by G. & 8. MERZ, in Munich, with 3 sets of 

prisms @ vision directe. (d’) Simple spectroscope by HEUSTREU, in Kiel, 

constructed after the indication of Professor VOGEL, in Potsdam. 
(f) Chronograph: one by MAYER & WOLF, in Vienna. 

(g) Clocks: sidereal time; one, maker, KESSELS, in Altona: one, 

maker, TIEDE, in Berlin. 

(h) Chronometer: mean time; maker, KESSELS, in Altona: 

(i) One universal instrument by REPSOLD, in Hamburg; 3 telescopes 

by DoLLonD, MERZ, and PLOSSL. 

OBSERVATIONS DURING THE PAST YEAR (1880) 
(a) 11,859 positions of stars in the zone 34° 50/ to 40° 10/ of north 

declination. : 
(c) (c’) Measures of double stars; observations of comets; observa- 

tions of variable stars. 

(d) (d’) Spectroscopical researches on red stars. 

WORK PROPOSED FOR THE COMING YEAR (1881): 

The same as in 1880. 

PRINCIPAL PUBLICATIONS OF THE OBSERVATORY DURING THE YEARs 

AXEL MOLLER: Ephemeride fiir Fayes Comet, published in the Ber- 

liner Jahrbuch, 1882. 

AXEL MOLLER: Ephemeride fiir Pandora, published in the Berliner 

Jahrbuch, 1882. 
N. C. DuniéR: Ephemeride fiir Panopela, published in the Berliner 

Jahrbuch, 1882. 

Lyon, France. 

Astronomical and Meteorological Observatory. 

Longitude from Greenwich, ———? 

Latitude, ———? 

Director: C. ANDRE, 1877; 

M. ANDRE; 

Assistant: M. GONNESSIAT. 

There was an Observatory in existence in the eighteenth century at 
the Jesuit College, where Fathers BONNET, BERAULD, LEFEVRE, and 
LAPON made observations. The new Observatory was founded in 1877. 

INSTRUMENTS: 

(a) Meridian circle: maker, EICHENS; diameter of circles, 23$ inches 
(0™,.60), divided to 5’; read by 4 microscopes to 0.1; aperture of object- 

ive, 6 inches; for observations of the sun, aperture employed, 6 inches ; 

magnifying power ordinarily employed, 300 diameters. 
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(bd) Meridian transit mstrument : maker, RIGAUT; aperture, 2 inches; 
magnifying power, 150 diameters. 

(g) Clocks: two sidereal; makers, BRHGUET & REDIER, Paris 
Wha rae j , 5 ‘ a (h) Ch onometers : mean time; makers BREGUET, Paris: sidereal; 

maker, BREGUET, Paris. 
WORK PROPOSED FOR THE COMING YEAR (1881): 

The meridian circle is to be employed for zone observations. 

MADRAS, India. 

Madras Observatory. 

Longitude from Greenwich, 5® 20™ 588.4 FE. 
Latitude, 13° 4’ 8.1 N. 
Directors : J. GOLDINGHAM, 1787. 

— WARREN (intermediate), 1805; 
J. GOLDINGHAM, 1811; 

S. G. TAYLOR, 1830; 

W.S. JAcos, 1848 ; 
——— WORSTER (intermediate), 1854; 

W.S. JACOB, 1855; 

J. F. TENNENT, 1860; 
N. R. Poason, 1860. 

Founded in 1787 by the East India Company. 

MADRID, Spain. 

Observatorio de Madrid. 

Longitude from Greenwich, 14™ 45%.4 W. 

Latitude, 40° 24’ 30’.N. 

Directors: J. CARONADO, 1790; 

J. RODRIGUEZ, 1817; 
BAvIA, 1821; 

D. FontTAN, 1835; 

PALO MARUZ, 1850; 

A. AGUILAR, 1860; 

Established at Buen Retiro in 1790. When he French occupied 

Madrid in 1808, they set up a battery at that place and the instruments 

were destroyed by a fire. The Observatory then abandoned was not 

restored until 1846. In 1852 the grounds were enlarged, and a pavilion 

with a revolving turret was erected. 
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MANILA, Philippine Islands. 

Observatorio del Ateneo Municipal. 

Longitude from Greenwich, 2 

Latitude, 14° 35/8. 

Directors: J. VERNACAT, 1804; 
Pp. F. FaurRA, —— (7). 

Temporary installation in 1804. The institution became permanent 

about 1824. 

MANNHEIM, Baden. 

Grossherzogliche Sternwarte. 

Longitude from Greenwich, 35™ 508.52 EH. 

Latitude, 49° 29/ 11” N. 
Directors: C. MARGER, 1764; 

K. J. KONIG, 1783; 

J. N. FISCHER, 1786; 
P. UNGESCHICK, 1788; 
R. BARRY, 1788; 

H. C. SCHUMACHER, 1813; 
F. B. G. NICOLATI, 
A. M. NELLE, 1852; 

HE. SCHONFELD, 1859; 
W. VALENTINER, 1875. 

First established in the Electoral Castle of Schroetzingen, 64 miles 
(ten kilometers) from Mannheim, and in 1772 removed to the west of the 

town, where it was located in a tower 105 feet (32 meters) in diameter, 
with remarkably thick walls. In operation from 1794 to 1801. Trans- 

ferred recently to KARLSRUHE. (See Karlsruhe.) 

} 

MARBURG, Germany. 

Sternwarte. 

Longitude from Greenwich, 35™ 5° EB. 
Latitude, 50° 48’ 46.9 N. 
Director : 2 

MARSEILLE, France. 

Observatoire. 

Longitude from Greenwich, 21™ 345.64 E. 

Latitude, 43° 18/ 19/1 N. 

Directors: A. F. LAVAL, 1702; 
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EK. PERENAS, 1728; 

G. SAINT JACQUES DE SILVABELLE, 1764; 
J.J. C. SHULIS, 1793; 
—— BLANPAISE, 1811; 

J. F. A. GAMBART, 1822; 

B. VALZ, 1835; 

E. STEPHAN, 1868. 

The Society of Jesus had an Observatory at their College of Sainte 

Croix, founded 1702. In 1749 this scientific institution was taken in 

hand by the Ministry of Marine. It is a three-story building, longest 

from east to west, erected on the summit of the Butte des Moulins. In 

1797 this Observatory was repaired. A new establishment was erected 

in 1869 on the hill of Longchamps, to supplement the work at the Paris 

Observatory. The instruments are distributed in separate apartments. 

MELBOURNE, Victoria. 

Melbourne Observatory. 

Longitude from Greenwich 9" 39™ 548.8 E. 

Latitude, 37° 49’ 53/.3 S. 
Director: R. L. J. ELLERY, F. B.S., F. R. A. S. 

Proposed first in 1853, and established, to begin with, at Williamstown 

Transferred to Melbourne in 1861. Building completed in 1863. In 

1870 there was mounted, in a building set apart for the purpose, GRUBB’S 

great Cassegrain Reflector, with a focal length of 28 feet (8".54), and an 

aperture of 4 feet (17.22). 

MENDON (Paris), France. 

Observatoire. 

2 Longitude from Greenwich, 

Latitude, 2 
Director : J. JANSSEN, 1875. 

Observatory of Physical Astronomy in the park at Mendon. Instru- 

ments mounted in temporary buildings in 1875. There are photographs 

of the sun taken regularly at this place. 

Mexico, Mexico. 

Observatory. 

Longitude from Greenwich, 6” 56™ 268.67 W. 

Latitude, 19° 26’ 1.3 N. 

Director: KF. JIMENEZ. 

Founded in 1877 at 19° 26’ north latitude. 
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MILANO, Italy. 

R. Osservatorio Astronomico di Brera 

Longitude from Greenwich 36™ 458 .97 KE. 

Latitude 45° 27’ 59” .2 N. 

Directors: lL. LAGRANGE, 1763 ; 
F. REGGIO, 1777 ; 

B. ORIANI, 1804; 
F. CARLINI, 1833 ; 

G. V. SCHIAPARELLI, 1862. 
In 1760 a telescope of 33 feet (10 meters) focal distance was mounted in 

the College of the Brera by P. Bovio and D. GERRA. ‘The Observatory 

proper was founded in 1763. In the beginning it consisted of an octag- 

onal structure to which, in 1775, two side towers were added. This Ob- 
servatory has published its Ephemeris for one hundred years, 1775 to 

1874. 

MopENA, Jtaly. 

Osservatorio. 

Longitude from Greenwich 43™ 425.8 E. 

Latitude, 44° 38/ 52.8 N. 
Director : 2 

MONTCALIERI, Italy. 

Osservatorio del RK. Collegio C. Alberto. 

Longitude from Greenwich, 2 

Latitude, 2 

Director : ? 

MONTSOURIS (Paris), France. 

Observatoire de Montsouris. 

Longitude from Greenwich, 9™ 205.68 E. 

Latitude, 48° 49/ 18” N. 

Directors: K. MOUCHEZ, i875. 

Dr. MARIE Davy. 

Assistant: ALFRED DE VAULABELLE. 

Founded in 1875 as an Observatory for students by the Department 

of the Marine, in the southwest corner of the Park of Montsouris at 

the southern extremity of Paris. 
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Moscow, Russia. 

Observatory of the Imperial University. 

Longitude from Greenwich, 2" 30™ 168.9 BE. 
Latitude, 55° 45/ 19.8 N, 

Authority for latitude and longitude: Nautical Almanac. 

Directors : ———— KRASSILUSKOW, 1750; 
C. I’. GOLDBACH, 1804; 

FISCHER, 1861; 

D. PEREVOTSCHIKOFF, 1824; 

A. DRASCHNOSOFFP, 138—; 
K. S. SCHWEIZER, 1856; 

Prof. Dr. THEODORE BREDICHIN, 1876. 

Assistants: W. CERASKT; 
A. BELOPOLSKY; 

A. SOCALOFF. 

Founded in 1753 as an annex to the University. A new building was 

put up in 180t in Bielogorod. 

INSTRUMENTS: 
(a) Meridian circle: one; maker, REPSOLD, in Hamburg; diameter 

of circle, 36 inches; divided to 2/; read by 4 microscopes to 0.17; aper- 

ture of objective, 5.3 inches; magnifying power crdinarily en ployed, 

100 diameters. 

(c) Equatorial instrument: maker, MERZ, in Munich; aperture of ob- 

jective, 10.7 inches ; magnifying power of eye-pieces, 100 to 1200.  (c’) 

Photoheliograph of DALMAYER, in London. 

(d) Universal spectroscope of MERZ, in Munich; direct vision with 

10 prisms and micrometer. 

(e) One photometer of ZOLLNER. 

(f) Chronograph: of StaMENS and HALSKE. 

(g) Clocks: mean time, two: makers, TimDE, UTZSCHNEIDER: sidereal, 

two; makes, KESSELS, TOLSTOI. 

(h) Chronometers : mean time, two; maker, DENnmT: sidereal, two; 

makers, DENT, KESSELS. 

(i) Miscellaneous : transportable transit instruments, theodolites, uni- 

versal instruments, &c. 

OBSERVATIONS DURING THE PAST YEAR (March to December, 

1880): 

(a) Small planets. 

(c) Comets; Jupiter ; spectroscopic observations of the sun. 

(d) Sun and comets. 

(e) Photometrical observations of stars. 

(i) The practical instruction of the students of the University. 

WoRkK PROPOSED FOR THE COMING YEAR (1881): 

The same as in the year 1830, and the investigation of the gravity at 

Moscow with the reversion pendulum constructed by REPSOLD. 



eZ, REPORTS OF ASTRONOMICAL OBSERVATORIES. 

PRINCIPAL PUBLICATIONS OF THE OBSERVATORY DURING THE 
YEARS 1874-1880: 

Professor BREDICHIN, ‘Annales de ’Observatoire de Moscow,” vols. 
I, II (parts 1 and 2), III (parts 1 and 2), IV (parts 1 and 2), V (parts 1 

and 2), VI (parts 1 and 2), VII (part 1). 

ADDITIONAL INFORMATION: 

The clock-work of the equatorial is out of use, and generally the means 

of the Observatory for scientific works and for their publications are 

very insufficient. 

MUNCHEN, Bavaria. 

Konigliche Sternwarte. 

Longitude from Greenwich, 46™ 268.13 E. 

Latitude, 48° 8’ 45.5 N. 

Directors: K. F. VON SEYFFER, 1809; 

J. VON SOLDNER, 1823; 
J. VON LAMONT, 1834 (1). 

Founded in 1809, on the hill of Bogenhausen, near Munich. A main 

building of one story, facing east and west; two wings extend toward 

the north. An edifice designed for the purpose was put up in the gar- 

den for a great refractor, by the aid of which LAMONT made his observa- 

tions of the satellites of Saturn and of the nebule. 

MunicH, Bavaria. 

See Miinchen. 

MUNSTER, Prussia. 

Sternwarte. 

Longitude from Greenwich, 2 
Latitude, 2 

Director: Ki. HEIS, 1852. 

Founded in 1852, in the neighborhood of the Academy (High School). 

It was here that HEIS pursued his extended researches into the nature 

of shooting stars, the zodiacal light, and uranometry. 

NAPLES, Ita ly. 

See Napoli. 
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NApPout, Italy. 

KR. Osservatorio, Capo di Monte, 

Longitude from Greenwich, 57™ 05.9 E. 

Latitude, 40° 51’ 45/4 N. 

Directors: G. CASELLA, 1791; 
F. M. DA PRADO, 1808; 
F. TUCCARI, 1812; 

C. BRIOSCHI, 1818; 
EK. CAPocct, 1833; 

DEL RE, 1849; 

A. DE GASPARIS, 1864. : 
Proposed in 1788. The buildings begun at the northeast corner of 

the Palace of the Library (Palazzo della Biblioteca) and Royal Museum 

(Museo Reale) were left incomplete in 1790. In 1809 one of the towers 
of the old Convent of San Gandisso was appropriated to this object. 

In 1812 was laid the first stone of a new Observatory on the hill of 

Miradois, at the point called Capo di Monte. The instruments were 

mounted in 1819. Seven asteroids have been discovered at this Observa- 

tory. 

NEUCHATEL, Switzerland. 

Observatoire Cantonale. 

Longitude from Greenwich, 27™ 508.2 E. 

Latitude, 46° 59/ 51” N. 
Director: A Hrirscu, 1858. 

Founded in 1857. A rectangular structure of 885 feet by 26} feet 

(27 by 8 meters), and 195 feet (6 meters) in height; a tower with a re- 

volving turret. 

NICOLAIEV, Russia. 

Nicoloevskaia Observatoria. 

Longitude from Greenwich, 2" 7™ 04°.1 K. 

Latitude, 46° 58’ 20/.6 N. ie 

Authority for latitude and longitude: for latitude, K. KNORRE, es S- 

tron. Nachr.,” vii, 261; for longitude, telegraphic determination of 1577, 

not yet published. 

Directors: K. F. KNoRRE, 1821; 

J. KORTAZZI, 18—. 

Founded in 1821; completed in 1826. 
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INSTRUMENTS: 

(a) Meridian circle: maker, ERTEL, in Munich; diameter of circle, 38 
inches; divided to 3’; read by four microscopes to 1’; aperture of ob- 

jective, 4.2 inches; magnifying power ordinarily employed, 100 diame- 

ters. 

(c) Equatorial instrument: makers, REPSOLD & SONS, in Hamburg; 

aperture of objective, 95 inches; magnifying powers of eye-pieces, 100, 

150, 330, 476, 666. 

(f) Chronograph: one of HERBST, in Pulkowa. 
(g) Clocks: one mean time; maker, KESSELS, No. 1282: one sidereal; 

makers, BARRAUD, No. 769, and HoHvin, No. 24. 

(hk) Chronometers: mean time, 89, of different makers: sidereal, 3, of 

different makers. 
(t) Miscellaneous: one transportable transit instrument of HERBST, 

in Pulkowa, for the determination of time in the vertical of Polaris; 
aperture, 2.7 inches; magnifying power, 100. 

(k) One transportable verticle circle, 11 inches; aperture, 1.9 inches; 
circle divided to 4’; read by 2 microscopes to 2”. 

OBSERVATIONS DURING THE PAST YEAR: 

(c) Comets, Schaberle, Hartwig, Faye; Jupiter’s satellites and spots. 

(i) Determinations of clock corrections for the investigation of the 
rates of the naval chronometers. Determination of the coefficients of 
compensation of the chronometers. 

PRINCIPAL PUBLICATIONS OF THE OBSERVATORY DURING THE 
YEAR 1880: 

T. KorTAzzI: Beobachtungen des Comet 1880 C., published in the 
“Astronomische Nachrichten,” vol. 97, p. 335. 

T. KorRTAZzI: Sur les taches de Jupiter, published in the “ Bulletin 

de PVAcadémie Impériale de St.-Petersbourg.” 

T. Kortazzi: Tables of W. THOMSON for the facilitation of Sumner’s 
method at sea, edited in an altered form (Russian). 

NorTiInGgHam, England. 

Alexandria Park Observatory. 

Longitude from Greenwich, ————? 

Latitude, ———? 

Director : ————? 

ODESSA, Russia. 

Sternwarte. 

Longitude from Greenwich, 2% 3™ 28.3 E. 
Latitude, 46° 28/ 36” N. 

Director : ———? 
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OPEN, Austria-Hungary. 

(Budapesth) Sternwarte. 

Longitude from Greenwich, ———? 
Latitude, 2 

Directors: J. PASGNICH, 1804; 
P. TITTEL, 1824; 

, 1831; 
L. MAYER, 1860 (?). 

Founded upon the “ Blocksberg” in 1803. 

O-GYALLA, Hungary. 

Astro-Physikalisches Observatorium. 

Longitude from Greenwich, 1° 12™ 45°.59 E. 
Latitude, 47° 52’ 43’.4 N. 
Director : ? 

OLMUTZ, Austria. 

Sternwarte. 

Longitude from Greenwich, 1» 9™ 2° .6 E. 

Latitude, 49° 35’ 43” N. 
Director: 2 

OxFoRD, England. 

Oxford University Observatory. 

Longitude from Greenwich, 5" 0° .4 W. 

Latitude, 51° 45’ 34’’.2 N. 

Director: O. PRITCHARD, 1875. 

Founded in 1873. 

OxFORD, England. 

Radcliffe Observatory. 

Longitude from Greenwich, 5 25.6 W. 

Latitude, 51° 45/ 36” N. 

Directors: T. HornsBy, 1771; 

A. ROBERTSON, 1810; 

M15 
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S. P. RIGAUD, 1827; " 
at J. JOHNSON, 1839; 

t. MAIN, 1860; 
. J. STONE, 1878. 

Founded in 1772, with ane help of a legacy from RADCLIFFE. The 

ground was pened by the Duke of Marlborough. Time has been 

noted by means of a chronograph since 1858. 

Papova, Italy. 

Osservatorio Astronomico dell Universita. 

Longitude from Greenwich, 47™ 298,13 E. 
Latitude, 45° 24’ 2.5 N. 
Directors: G. TOALDO, 1761; 

V. CHIMINELLO, 1797; 

G. SANTINI, 1813; 
G. LORENZONI, 1877. 

Founded in 1761 by the Venetian senate, and accommodated in a 
massive tower built in the thirteenth century by the tyrant Ezzelino 
for a state prison. 

PADUA, Italy. 

See Padova. 

PALERMO, Italy. 

R. Osservatorio. 

Longitude from Greenwich, 53™ 25° E. 

Latitude, 38° 6’ 44” N, 

Directors : G. PIAzzi, 1787; 

N. CACCIATORE, 1817; 
G. CACCIATORE, 1842; 
D. RAGONA, 1858; 

G. CACCIATORE, 1860. 

Proposed in 1786, Established in the Saint Ninfa tower of the Royal 

Palace, the ancient residence of the Emirs during the Arabian domin- 

ion. The first complete vertical circle made by Ramsden, and finished 

in 1789, was mounted in this Observatory. P1AzzI used it from 1792 to 
1813, for the observations which served him as a basis for his famous 

catalogue. Ceres was discovered at Palermo on the first day of the 

nineteenth century. 
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PARAMATTA, New South Wales. 

Paramatta Observatory. (See Sydney.) 

Longitude from Greenwich, 10" 4™ 68.2 B, 
Latitude, 33° 48/ 49/.8 N, 

Director : ———? 

Paris, France. 

Observatoire Nationale. 

Longitude from Greenwich, 9" 21°.02 E. 
Latitude, 48° 50/ 11/.8 N. 
Directors: J. D. CASSINI, 1671; 

J. CASSINI, 1712; 

.C. F. Cassrni (de Thury), 1756 

J. D. Cassini (de Thury), 1784 
J.J. L. DE LA LANDE, 1795; 
P. MECHRIN, 1801; 

A. BRUNARD, 1804; 

FE 
J 

“ee Sat 

D. F. J. ARAGO, 1811; 

U. J. J. LE VERRIER, 1853; 

C. E. DELAUNAY, 1871; 

U. J. J. LE VERRIER, 1872; 
EK. MoucHEz, 1878. 

National Observatory (formerly Royal, since Imperial) built in 1667 

under the auspices of the Academy of Sciences, according to plans of 

C. PERRAULT. A vast central hall; two towers, east and west. In 

1732, a small room to accommodate a mural quadrant was added beyond 

the eastern tower, and in 1742 this was extended by a second enclosure 

for a moveable quadrant. In 1760 a turret with a revolving roof was 

built to the south of this addition. The main building having become 

dilapidated was restored in 1786—completed 1793—since when it has 

been detached and the south terrace built. In 1832 the small rooms 

where observations are taken were repaired, and the amphitheater 

and a rotunda with a revolving roof built upon the principal terrace. 

The dome intended for the shelter of the great equatorial was placed 

on the summit of the building in 1850. The great telescope with a mir- 

ror of silvered glass—4 feet (1™.2) in diameter—was mounted in 1876, in 

a building on the ground-floor level. Joun Dominic CASSINI discov- 

ered four of the satellites of Saturn at the Paris Observatory, and also 

first investigated the subject of the Zodiacal Light, and here, too, the 

great grandson of this astronomer was the first to follow the variations 
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of the magnetic needle with minute and persevering industry; and 

it was here that ARAGO and MATHIEU demonstrated the extremely 

small parallax of the stars. 

A large number of astronomical manuscripts, containing matter of 

great interest, are preserved at the Paris Observatory. 

PARMA, Italy. 

rn. Osservatorio Astronomico. 

Longitude from Greenwich, 2 
Latitude, 4 

Director : 2 

LY 

PARSONSTOWN, Jreland. 

Lord Rosse’s Observatory. 

See Birr Castle. 

POLA, Austria. 

Naval Observatory. 

Longitude from Greenwich, 55™ 235.18 EH. 
Latitude, 44° 51’ 49” N. 

Director: J. PALISA, 1872. 

Founded in 1872. More than a dozen minor planets have been dis- 

covered here. 

Port Louis, Mauritius. 

Observatory. 

Longitude from Greenwich, 2 

Latitude, 2 
Director: 2 

PoTsDAM, Prussia. 

Astro-Physikalisches Institut. 

Longitude from Greenwich, 52" 17° K 

Latitude, 52° 22' 56” N. 

Director : 2 

Observers : SPORER, VOGEL, and LOHSE. 
Built upon a hill adjoining the Park at Potsdam. Opened in 1879 

under the auspices of the Astronomische Gesellschaft. 
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PoOULKOVO, Russia. 

Nicolaevskaia Glavnaia Observatoria. 

Longitude from Greenwich, 2" 1™ 188.67 BE. 
Latitude, 59° 46’ 18.7 N. 

Directors: ¥. W. G. VON STRUVE, 1834; 
O. VON STRUVE, 1864. 

Founded in 1834. Three principal halls on the ground floor, the east- 

ern one being used for the meridian circle, the western one for the merid- 

ian telescope, and the southern one occupied by the prime vertical. 

Three revolving domes, the central and largest containing Mmrz and 

MAHLER’S Refractor, which has a focus of 234 feet (7".1) and an aper- 

ture of 154 inches (0.40). A very rich astronomical library. The most 

elaborate and minute researches on the minor corrections of spherical 

astronomy, notably the corrections of aberration of nutation and pre- 

cession, have been made chiefly at this Observatory. 

PRAGUE, Austria. 

K. K. Universitits Sternwarte. 

Lengitude from Greenwich, 57” 415.4 E. 

Latitude, 50° 5/ 18.8 N. 

Authority for latitude and longitude: AL. DAvip and J. BOHM. 

Directors: J. STEPPLING, 1751; 
A. STRUADT, 1781; 

A. Davin, 1799; 

A. BITTNER, 1836; 

K. KREIL, 1845; 
C. JELINEK, 1851; 

J. G. Boum, 1855; 

Dr. C. Hornstetn, Professor of Astronomy, 1872 (?) 

Assistants: Dr. A. SEIDLER ; 

Dr. G. BECKA ; 

Dr. W. ROSICKY. 

TycHo BRAHE had some astronomical instruments temporarily 

mounted at Prague (1600-1601). The Observatory, properly so called, 

was not, erected until 1751, in the Altstadt quarter, at the Collegium 

Clementinium, under the direction of the Jesuits. 

INSTRUMENTS: 

(a) Meridian circle: one; maker, CHR. 1 LW 

shop of the I. R. Polytechnic Institute m \ jenna) ; diameter of eee 

36 inches; divided to 3’; read by 4 nonius to 2/’; aperture of objective, 

4 inches. 

STARKE (Mechanical work- 
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(b) Meridian transit instruments: maker, CHR. STARKE; aperture, 4 

inches: (b’) maker, SCHROTTER; aperture of objective, 3 inches. 

(c) Equatorial instruments: makers, C. A. STEINHEIL’S Sons, in 

Munich; aperture of objective, 6 inches; magnifying powers of eye- 

pieces, 56, 84, 252, 420, 672. (c’) makers, UTZSCHNEIDER & FRAUN- 
HOFER, Munich; aperture of objective, 3 inches. 

(d) Spectroscopes: one; G. & 8S. MERZ, Munich; one small star spec- 

troscope; makers, G. & S. MERZ, Munich. 
(f) Chronograph: one; Dr. M. Hipps, Neuchatel, maker. 

(g) Clocks: mean time; makers, LEPAUTE, Paris; sidereal; makers, 

J. BOZEK, Prague. 

(h) Chronometer: mean time; maker, BARRAUD. 

(t) Miscellaneous: one sextant; maker, TYCHO BRAHE; one octant; 

maker, TycHO BRAHE; one large (Hohen Kreis), by TROUGHTON, in 

London. 

OBSERVATIONS DURING THE PAST YEAR (1880): 

No astronomical observations were made during the year. 

WORK PROPOSED FOR THE COMING YEAR (1881): 

It will be impossible to make astronomical observations during the 

coming year. 

PRINCIPAL PUBLICATIONS OF THE OBSERVATORY DURING THE 
YEAR 1880: 

Magnetische und Meteorologische Beobachtungen im Jahre 1879, 

40ter Jahrgang, 4to, (vol. xviii of series). ‘ 

ADDITIONAL INFORMATION: 

The two meridian instruments (a) and (b) have not been used for half 

a century, for want of a suitable meridian room, and have been stored 

away in boxes. 

The two equatorial instruments, (¢c) and (c’), though mounted, are not 

being used for observation purposes, owing to the absence of a movable 

cupola, but are employed in the lectures on practical astronomy. 

No astronomical observations whatever can be made in the present 

condition of the old Observatory. 

PULKOWA, Russia. 

See Poulkovo. 

QUEBEC, Canada. 

Observatory. 

Longitude from Greenwich, 4" 44™ 498.3 W. 
Latitude, 46° 48/ 17/.3 N. 
Director: K. D. ASHE, 1863. 
Built in 1863 on Bonner’s Hill, near Quebec. 
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Quito, Heuador. 

Observatorio del Colegio Nacional. 

2 Longitude from Greenwich, — 
Latitude, ———? 

Director: J. B. MEnTOoN, 1874. 
Founded in 1874. 

RIO DE JANEIRO, Brazil. 

Nautical Observatory. 

Longitude from Greenwich, 2" 52™ 418.41 W. 
Latitude, 22° 54/ 23.8 8. 
Directors: A. M. DE MELLS, 1850; 

K. Liars, 1871. 

Founded in 1780. Restored in 1871. 

Roma, Italy. 

R. Osservatorio Astronomico del Collegio Romano. 

Longitude from Greenwich, 49™ 54%.7 E. 
Latitude, 41° 53/ 53.7 N. 

Directors: G. ASCLEPI, 1764; 

G. CALANDRELLI, 1773; 
S. DUMONCHEL, 1824; 
F. DE VICo, 1838; 
A. LECCHI, 1849; 

G.S. FERRARI, 1878; 
P. TACCHINI, 1879. 

Before the establishment of a regular Observatory a succession of 

astronomers, more or less famous, made use of temporary accommoda- 

tions. In the buildings of the old college CLAyius made observations 

with a zenithal sector in 1572, and following years. SCHEINER col- 

lected the materials for his famous Rosa Ursina, the printing of which 

was completed in 1630 at the new college, west of the Church of St, 

Ignatius. There, too, GOTTIGNIER and BORGONDIO made occasional 

observations. MAIRE observed the comet of 1844 at the English Col- 

lege. Boscovicu fixed himself in the principal hall of the Kircher 

Museum. Finally, ASCLEP1 organized a permanent establishment in 

1764; and in 1787 a square tower was built to accommodate the Ob- 

servatory at the eastern angle of the College facade on via del Gesu. 

A new building was put up in 1853, having for substructure the enor- 

mous piles which had been intended to support the dome of the Church 

of St. Ignatius. 

S. Mis. 31——46 
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Roma, Italy. © 

Observatory of the Capitol. 

Longitude from Greenwich, 2 
Latitude, 2 
Directors: G. CALANDRELLI, 1824; 

A. CONTI, 1827; 

I. CALANDRELLI, 1841; 

L. RESPEGHI, 1866. 

Established in 1824 upon the east tower of the Capitol, which is built 

above the ancient Forum. 

Ruesy, England. 

Observatory of Rugby School. 

2 Longitude from Greenwich, 

Latitude, 2 

Directors: J. M. WILSON, 1872; 
G. M. SEABROKE, 1878, 

Founded in 1872. 

Ruapy, England. 

Temple Observatory. 
2 

Longitude from Greenwich, 
Latitude, 
Director: J. M. WILSON. 

SAN FERNANDO, Spain. 

Instituto y Observatorio de Marina de San Fernando. 

Longitude from Greenwich, 24™ 498.6 W. 

Latitude, 36° 27/ 41.5 N. 

Directors: R. ARMESTO, 1797; 

J. O. CANELAS, 1798; 
J. T. CERQUERO, 1825; 

S. MontoJo, 1851; 
F. DE P. MARQUEZ, 1855; 
C. PUJAZON, 1866. 

An Observatory had been first established at Cadiz in 1753, upon an 

ancient Roman tower, but was soon abandoned, observations being 
made there only from 1773 to 1776, by ToFINO and VARELA. The new 

Observatory was built at San Fernando in 1797. This is the most 

southerly astronomical establishment in Europe. (Latitude*36° 28/.) 
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SANTIAGO, Chile. 

Observatorio Nacional. 

Longitude from Greenwich, 42 42™ 425.4 W, 
Latitude, 33° 26/ 42’ §. 

Directors: KE. G. MAESTA, 1852; 
J. I. VERGARA, 1861. 

Proposed in 1852. The instruments and buildings which had been 

used for the temporary Naval Observatory of the United States at Santa 

Lucia, under Lieutenant GILLISS, were purchased as a beginning, and 

in 1856 the construction of a permanent Observatory was undertaken, 

consisting simply of a one-story edifice and central dome. The equip- 

ment has been added to gradually since 1859. 

St. PETERSBURG, Russia. 

Observatoria Akademii Nauk. (Observatory of the Academy of Sciences.) 

Longitude from Greenwich, 2? 1™ 138.5 E. 
Latitude, 59° 56/ 29.7 N. 
Directors: J. N. DE VISLE, 1747; 

P. InscHopzow, 1768; 
R. Barry, 1794; 
V. WISNICROSKY, 1811; 

A. SAWITSCH, 1856. 

Founded in 1747. 

SCHWERIN, Germany. 

Sterniwarte. 

Longitude from Greenwich, 45™ 408.7 BE. 

Latitude, 53° 37’ 38/2 N. 

Director : 2 

SENFTENBERG, Germany. 

Sternwarte. 

Longitude from Greenwich, 1» 5™ 508.6 EB, 

Latitude, 50° 5/ 10.1 N. 

Director : ? 
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SPEYER, Bavaria 

Sternwarte des Koniglichen Lycewn. 

Longitude from Greenwich, 33™ 455.6 E. 
Latitude, 49° 18’ 55.4 N. 
(No longer in operation.) 

STOCKHOLM, Sweden. 

Observatory. 

Longitude from Greenwich, 1° 12™ 14s E. 
Latitude 59° 20’ 33” N. 
Directors: P. V. WARGENTIN, 1750; 

H. NICANDER, 1776; 

J. SOANBERG, 1803 ; 
S. A. CRONSTRAND, 1828 5 

N. H. LELANDER, 1858 ; 
HuGo GYLDEN, 1871. 

Assistants: AROID LINDHAGEN ; 
FREYOLD RANCKEN. 

Founded in 1750. Here WARGENTIN made that long series of obser- 

vations on Jupiter’s satellites which resulted in the first reliable tables 

of eclipses of these satellites. 

INSTRUMENTS: 

(a) Meridian circle: makers, ERTEL & SON; diameter of circle, 18 
inches; divided to 3’; read by 4 microscopes to 1’; aperture of object- 

ive, 44 inches (0.107 meters); magnifying power ordinarily employed, 

124 diameters. 

(b) Meridian transit instrument: maker, A. REPSOLD; aperture, 23 
inches. 

(c) Equatorial instrument : maker, A. REPSOLD; aperture of objective, 
7 inches; magnifying powers of eye-pieces, 114, 150, 190, 302, 600. 

(f) Chronographs ; two. 

(y) Clocks : mean time; makers, MOLYNEUX & CoP; sidereal; makers, 
KESSELS, SWEDER. 

(h) Chronometer : mean time; makers, DENT, LINDEROTH. 

The following is a translation of portions of a report made by Mr. 

HvuGo GYLDEN in the “ Vierteljahrsschrift der Astronomischen Gesell- 

schaft,” 15ter Jahrgang, 2ter Heft: 

Mention has been made in former reports of two extensive series of 
observations for the purpose of, firstly, to redetermine all the bright 
stars between 45° N. declination and the North Pole, which are accessi- 
ble to our instruments; and, secondly, to furnish a contribution to the 
knowledge of the mean distances of stars. 
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This redetermination will result in the formation of a catalogue of 
1,210 stars, in which the positions will be laid down with a probable 
error of about 4 second in each co-ordinate (the rectascension probably 
more accurate). Most of the required observations were made by Mr. 
LINDHAGEN, and the series is nearly complete. The second series, 
unfortunately, will have to be delayed, owing to necessary repairs of 
the meridian cirele, which exhibits traces of old age. - -. - 
From the results obtained by comparison in different positions, the 

the probable error of a single declination determination is estimated as 
0.5 to 0.6, which may be still reduced. 
Up to the present time the polar distances have been computed tem- 

porarily from observations of the Nautical Almanae stars, with applica- 
tion of the declination estimated in the fundamental catalogue for zone 
observations in the N. sky. Predominating, though not exclusive, use 
having been made of extreme northern stars, it is presumable that the 
unknown inelination of the instrument has exerted quite an influence on 
the results obtained. It is, however, evident from the coincidence of the 
polar positions obtained in both situations of the objective and ocular 
that the inclination coefficient, which appears as multiplied by the sine 
of the zenith distance, cannot be very large. - - - 

The second series is intended to furnish a contribution to the knowl 
edge of the mean distances of the stars. Mention of this work has been 

made in former reports, and an account of the progress made during 
the past year is here presented. 

Of the stars previously mentioned as to be observed for parallax, two 

have been omitted, namely, « Auriga, and % Persei; the former on ac- 

count of the difference of brilliancy between the principal star and a 

comparison star, the latter on account of the difference of declination 

of the comparison stars. These were substituted by « Coronx, and 

« Urse Majoris. In consequence of the brilliancy of the former the 

observations will be rather difficult and probably somewhat incorrect. 

I propose, however, to continue them for some time yet, in order to test 

whether the parallax may be confined to satisfactory limits by a multi- 

plication of the observations. The same is the case with ¢ Persei and 

2 Andromede, notwithstanding their insufficient accuracy. 

In observing « Ursa Majoris use could be made of only one comparison 

star; a second one, at tirst designed to be included, proving too indis- 

tinct. The former, however, is in every respect satisfactory. This star 

moves on the same parallel with the principal star and 503 seconds 

ahead, and its magnitude, according to Argelander, is 8.0. The consid- 

erable brilliancy of this star admits of its observation even during un- 

favorable state of the atmosphere, and it has not been neglected not- 

withstanding the sometimes very unsatisfactory Impression obtained. 

It is thereby intended to arrive at another result in addition to the de- 

termination of the parallax, namely, the collecting of material for the 

estimation of the relative accuracy which may be expected at the contact 

of the cross-wire and right-ascension differences during a favorable or 

unfavorable condition of the atmospuere. Although the results obtained, 

until now. in reference thereto are not by any means conclusive, they 

recarded as worth communicating. : 

asi dc socults of observations are computed, with but few exceptions, 

from four transits, the probable error + 08.017 is to be expected. In 

close conformity there is deduced from the 16 observations of « Ursa ex- 

tant at present the probable error + 05.016. Re oeenie 

This result appears to be very satisfactory. Even if the probabie 

error of a result of observations were + 0°.020, 30 or 40 nights adequately 
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distributed would be sufficient to determine the parallax of a star with 
a probable error of about + 0/.035. If we confine ourselves to the obser- 
vation of such stars, the star of comparison of which is neither too feeble 
or too distant, the observations may be made very rapidly without 
fatiguing the eye, so that a considerable number of stars can be compared 
in one night. There are several hundred pairs of stars in the heavens 
available for the purpose, and it does not seem therefore at all impraec- 
ticable for several observers to take up the matter of settling npon a 
direct determination of the parallax of stars of the sixth magnitude, in 
which the probable error would amount to only about + 0.003. . The 
medium parallax of these stars is, according to Peters, 0”.027, but prob- 
ably is only one-half of this. Both magnitudes, as also their difference, 
are so much above the probable errors that it is to be hoped that con- 
jectures on this BEDOLUanE point will, at no distant time, be no, longer 
necessary. 

STONYHURST COLLEGE (near WHALLEY), England, 

Stonyhurst College Observatory. 

Longitude from Greenwich, 9" 525.68 W. 
Latitude, 53° 50’ 40” N. 

Authority for latitude and longitude: Nautical Almanac. 

Directors: A. WELD, 1838; 

Reve Ss (PBR RY, Se ues be ky. 9. 

Assistants: M. M. W. CARLISLE; 

W. McKEon; 

J. ROONSY ; 

J. CULLEN. 

Location: Four miles W. of Whalley, Lancashire, England. Height 

above sea, 381 feet. Built in 1838 in the park of the Jesuit College. 

INSTRUMENTS: 
(a) Meridian circle: by Jones, 2 feet 6 inches; divided to 5’; micro- 

scopes reading to 1’; aperture of object glass, 5 inches; power generally 

used, 56. 

(b) Transit Instrument: aperture of object glass, 2 inches 3; power 

generally used, 42; by CARY 
(c) Equatorial instruments: one by NAPIER, CURRY, TROUGHTON & 

SruMs; aperture, 8 inches; powers from 30 to 600 or 700: one by 

JONES; aperture, 4 inches. (c) A CASSEGRAIN reflector; aperture 94 

eee two, NEWTONIAN; aperture, 7 inches. 

(ad) Spectroscopes: an automatic instrument by BROWNING, 6 prisms of 

60°, each used twice, with an half prism, making largest dispersion = 36 

prisms of 60°. A large star spectroscope by SIMMs, 4 compound prisms 

by HOFFMAN. A large direct vision spectroscope by BROWNING. Two 

smaller instruments by BROWNING. 

(f) Chronograph: small one by BREGUET. 

(g) Clocks; two sidereal, mercurial pendulums. 
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(h) Chronometer : FRODSHAM, No. 3148. 
(?) Miscellaneous : A couple of self-recording meteorological and ma z- 

netical instruments are in constant use. z 

OBSERVATIONS OF 1880: 
7 Ia aat itadq ¢ 2 7 ; 7 Jupiter’s satellites, lunar occultations, daily examination of chromo- 

sphere and solar spots, systematic search for ultra-Neptunian planet. 

WoORK FOR 1881: 

Continuation of the same observations. 

PRINCIPAL PUBLICATIONS IN 1880: 

Results of Meteorological and Magnetical Observations, 1879. 

Astronomical results appear in the monthly notices of R. A. S, 

Meteorological results published by the Board of Trade, 

STRASSBURG, Germany. 

Sternwarte. 

Longitude from Greenwich, 31™ 25.49 E. ) 

Latitude, 48° 34! 53/.8 N. ‘ 

Longitude from Greenwich, 31™ 4°.65 I 

Latitude, 48° 34/ 59’.7 N. 
Director ; A. WINNECKE, 1875. 

About 1770 some astronomical instruments were placed above the 

gate of the hospital. In 1804 J. HENRY established a small Observatory 

in the Miinster (Cathedral), and observations were made there in 1524. 

A regular Observatory was not established by the city until 1836, and 

then it was placed under the charge of LEQUIANTE, but almost imme- 

diately abandoned. In 1873 anew Observatory was erected without the 

town, in connection with the University. Its general plan is a quad- 

rilateral. 

Of the Old Observatory. 

Of the New Observatory. 

SypnEY, New South Wales. 

Government Observatory. 

Longitude from Greenwich, 10" 4™ 505.6 E. 

Latitude, 33° 51/ 41.1 S. 
Directors: W. Scott, 1856; 

G. R. SMALLEY, 1862; 

H. ©. RUSSELL, 1870. 

Proposed in 1855, completed in 1858. 

from the private Observatory which BRISBANE had established at Para- 

matta, were those by means of which DUNLAP had made his catalogues 

of double stars and of Southern Nebule. This establishment owns a 

refractor with an aperture of 11 inches (0". 28). 

Its first instruments, supplied 
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TASHKENT, Russia. 

(Turkestan Military District.) 

Observatoria. 

Longitude from Greenwich, 2 
Latitude, 2 

Director : 2 

TOKIO, Japan. 

Observatory of the Dai-Gakw. 

2 Longitude from Greenwich, 
Latitude, 2 

Director: Prof. H. M. Pauvt. 

TORINO, Italy. 

Regio Osservatorio dell Université. 

Longitude from Greenwich, 30™ 48%.4 E. 
Latitude, 45° 4’ 6” N. 

Directors: G. B. BECCAREA, 1759; 

T. VALPERGADI CALUSO, 1782; 
A. M. VASSALI EANDI, 1806; 

J. PLANA, 1811; 

A. DoRNA, 1865. 

Established in 1759 in the top of a tower at the corner of Piazza 

Castello. The Academy of Sciences undertook its direction in 1790, 
and had a new Observatory built in the Palace of the Academy. In 

1820 the establishment was transferred to a terrace of the Palazzo 

Madama. In 1865 the Observatory became an appendage of the Uni- 

versity. 

TOULOUSE, Franee. 

Observatoire. 

Longitude from Greenwich, 5™ 518.1 E. 
Latitude, 43° 36/ 47” N. 

Directors: F. P. A. DE GARIPuy, 1775; 
A. DARQUIER DE PELLEPOIX, 1782; 
J. VIDAL, 1791; 

MARQUE VICTOR, 1820; 
F. PETIT, 1839; 

F. TISSERAND, 1866; 

B. BAILLAUD, 1879. 

{In 1748 DARQUIER began to make observations at Toulouse. The 

Observatory was established in 1775 at the Lyceum. A new structure 

was built in 1840 at the extremity of the city. 
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TREVANDRUM, India. 

Trevandrum Observatory. 

Longitude from Greenwich, ——— ? 
Latitude, ——— ? 

Director : ———? 

TRIESTE, Austria. 

Sternwarte. 

Longitude from Greenwich, ———? 
Latitude, ————? 

Directors: F. ScHAUB, 1857 
A. KUNES, 1870. 

TURIN, Italy. 

See Torino. 

TURNBRIDGE WELLS, England. 

Crowborough Beacon Observatory. 

Longitude from Greenwich, ———? 
Latitude, ———? 
Director : ———? 

TWICKENHAM, England. 

Twickenham Observatory. 

Longitude from Greenwich, 1™ 13°.1 W. 

Latitude, 51° 27! 4".2N. 

- Director: 2 

UPPSALA, Sweden. 

Observatory of the University. 

Longitude from Greenwich, 1” 10™ 30%.6 B. 

Latitude, 59° 51/ 31.5 N. 

Directors: A. CELSIUS, 1730; 

F. MALTET, 1757; 

E. PROSPERIN, 1773; 

‘ 
». 
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Dr. MELANDERHJELM, 1796; 
——— BERGSTROM, 1810; 
N. H. LELANDER, 1852; 
G. SWANBERG, 1858; 

HERMAN SCHULTZ, 1864. 

Founded in 1730. 

The director has furnished the following particulars from his report 

for 1878-1879 : 

The most noteworthy occurrence during the past year is the setting 
apart, as an independent establishment, of the meteorological Observa- 
tory. This new arrangement, made practicable by a government appro- 
priation for the current expenses, is as yet in so far incomplete as in 
absence of an independent building for meteorological purposes the 
institute occupies two rooms in the astronomic building. - - - 

The requirements of the Observatory have been constantly increasing 
and are now imperative as regards instruments, repairs, and proper 
arrangements, if any kind of activity is expected. The present means 
are quite insufficient to satisfy the most urgent needs of the establish- 
ment. 

The only room of observation in a satisfactory condition is the small 
Wackerbarth cupola, which was repaired last summer, while the meri- 
dian room and the large cupola require considerable repairs and im- 
provements. - - - 

The small collection of instruments of this Observatory, apart from 
quite antique instruments, consists of the following: 

One parallactic refractor, made by STEINHEIL, 9 inches aperture, 
the principal instrument of the Observatory, the application of which, 
however, on account of insufficient mounting, is impracticable and lim- 
ited. It has been employed mainly for observation of nebule and star 
clusters. A concise description of this instrument was given in the 
“Mikrometrisk Bestiimning af 104 Stjerner inom Teleskopiska Stjern- 
grupper 20 Vulpecule.” 

One small parailactic refractor of 4 inches aperture, made by Sms, 
in good condition, and presented to the Observatory some years ago by 
Prof. WACKERBARTH. 

One old universal instrument of 45 millimeters aperture, by REPSOLD, 
the circles of which, however, are useless for practical measurements ; 
it has been employed for many years for time determinations in the 
meridian. 
One universal instrument 33 millimeters aperture, by MEYERSTEIN. 
One smnall transit instrument 54 millimeters aperture, by STEINHEIL, 

the application of which is excellent, but which, on account of insufficient 
mounting, and too small meridian aperture (the telescope is affixed to 
the end of the axis of rotation), has thus far not found any proper appli- 
cation. 
A small reflex circle by PISTOR, in satisfactory condition. 
Four portable telescopes. 
One old pendulum clock, by GRAHAM, reconstructed by KESSELS, 

about forty years ago. 
Two old box chronometers, by KESSELS. 
One portable barometer, by PIsTorR. 
The only instrument purchased during the past year is an inexpensive 

pendulum clock for experiments with electrical apparatus, though order 
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was given for a registering apparatus for transit observation, and for 
three electrical clock attachments, to be employed in the small isolated 
pavilion. 

In the total absence of an instrument for measuring zenith distances, 
preliminary communication has been held with the celebrated firm of 
REPSOLD SOHNE, In Hamburg, for the preparation of a medium sized 
vertical circle. I urther projects for the equipment of the Observatory 
have to be delayed for the present. : 

The W ACKERBARTH reflector and the REPSOLD universal instruments 

have undergone repairs, and results in the improvement of the latter 
for transitobservation. The STEINHEIL transit instrument is at present 
in the hands of Mr. Rose, maker to the University, for repair, having in 
view its application in the vertical of the Pole star. : 

The library of the Observatory originated by private donations, has 
received its principal increase in voluntary contributions by scientists 
and institutions abroad. It consists of four distinct groups: the Hyor- 
TER and MALLET donation, the Collectio Recentior and the Svanberg 
collections. The catalogue shows for these four the following figures, 
respectively: 1150, 880, 360, and 1200, of which, however, many, such as 
journals, annuals, ephemerides, &c., consist of a large number of vol- 
umes. On oceasion of the emancipation of the meteorology, the works 
relating to this branch were set apart for that institute. The increase 
during the past year amounted to 90 contributions, of which 70 came from 
abroad ; sixty books were bound. 

In consequence of the circumstances referred to, little scientific work 
has been done during the past year. The director has continued his obser- 
vations on nebule, while the assistant made time determinations. The 
director’s time has been largely consumed in perfecting arrangements for 
instruction. Very desirable text-books have been published at govern- 
ment expense, and preparations made to facilitate astronomical instrue- 
tion for the students, among which is the establishment of a work-room, 

in which opportunity is given to the students to acquaint themselves 

between the observations with recent astronomical literature and jour- 

nals. 
Eight students have practiced during the year, and many have at- 

tended the astronomical lectures. 

Urrecut, Holland. 

Observatorium. 

Longitude from Greenwich, 20" 315.7 E. 

Latitude, 52° 5’ 10.5 N. 

Directors: J. F. HEUNERT, 1767; 

G. MALL, 1812; 

R. VAN REES, 1836; 

M. Hoek, 1860; 

J. A. C. OUDEMANS, 1874. 

Founded in 1767. Remodeled in 1864. This Observatory possesses 

an altazimuth. 
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VALENCIA, Ireland. 

Observatory of the London Meteorological Office. 

Longitude from Greenwich 3 

Latitude 2 

Director : 2 

VARSHAVA Russia. 

Astronomicheskaia Observatoria. 

Longitude from Greenwich, 1° 24™ 78.4 BE. 
Latitude, 52° 13/ 5/.7 N. 

Directors : ARMINSKI, 1820; 
J. D. BARANOWAKI, 1848 ; 

J. WASTOKOFF, 1877. 

In 1764 RoSTAN made observations at the Castle. From 1765 to 1768 

N. WoLF made observations at the Blue Palace on the Mniczek. The 

Observatory was not established permanently until 1820, and the ex- 

penses of construction were met by STRASZIE, president of the Univer- 

sity. It contains a hall for meridian instruments, and two towers with 

cupolas. 

VENICE, Italy. 

Observatory of the Naval Institute. 

Longitude from Greenwich, 49™ 255.4 EH. 
Latitude, 45° 25/ 49.5 N. 
Directors: B. VON WULLERSTORF-URBAIR, 1840; 

EK. MILLOSEVICH, 1874. 

Established about 1840. 

VIENNA, Austria. 

See Wren. 

VILNA, Russia. 

Astronomicheskaia Observatoria. 

Longitude from Greenwich, 1” 41™ 118.9 I. 

Latitude, 54° 41" N. 

Authority for latitude and longitude: SLAVINSKI: “Astronomische 

Naghrichten,” vol. v, and viii. 
Directors: M. O. PoczoBut, 1764; 

J. B. VON SNIADECKI, 1808; 
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P. SLAVINSKI, 1824; 
M. KLOUSCHNEVITCH, 1841; 
G. A. VON Fuss, 1848; 
G. SABLER, 1854; 
Colonel PETER Mystorrp, 1867. 

Assistant: FRIED. WILHELM BERG. 

It seems that this Observatory had already existed for some time, 
when in 1764 PoczoBurT restored it and replaced its instruments. Its 
abors, suspended during the Revolution, were not resumed until 1802. 

INSTRUMENTS: 
‘(b) Meridian transit instrument: maker, RAMSDEN, in 1777; aperture, 

4 inches; magnifying power, 40 diameters. 

(c) Equatorial instrument: maker, RAMSDEN, in 1777; aperture of ob- 

jective, 4 inches; magnifying powers of eye-pieces, 40 and 60. 

(d) Spectroscope: direct vision, maker, S. Merz, at Munich. 

(e) Photometer: made by the late Prof. L. ScuwERD, at Speyer. Of 

the three made by him one is in Bonn, and the other in Pulkowa. 
(f) Chronograph: maker, ANSFELD, at Gotha. 

(g) Clocks: one, mean time, maker, SHELTON, (London); one sidereal, 

maker, HARrDy, (London, 1819). 

(h) Chronometer: one, mean time, maker, DENT, No. 2796; one, 
sidereal, maker, DENT, No. 2000. 

(?) A Heliostat, by S. MeRz. Various ancient astronomical instru- 

ments, and modern meteorological instruments. The library of the 

Observatory contains 1,966 works, in 4,181 volumes. 

OBSERVATIONS: 
From 1869 to 1876, photoheliographical observations, in the same 

manner as at Kew, near London. In the year 1876, the heliograph, by 

DALLMEYER, London, was destroyed by fire. Meteorological observa- 

tions are made four times a day: at 7" A. M., 1" P. M., 9° P, M., and 1 49™ 

P. M. (=7" mean Washington time, A. M). 

WARSAW, Russia. 

See Varshava. 

WELLINGTON, New Zealand. 

Government Observatory. 

Longitude from Greenwich, ——? 

- Latitude, ———? 
Director : 3 
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WHALLEY, Lngland. 

See Stonyhurst. 

WIEN, near, (WAHRING,) Austria. 

K. K. Universitdts Sternwarte. 

Longitude from Greenwich, 1° 5™ 218.49 E. 

Latitude, 48° 13/ 55/.4 N. 

Directors: M. KELL, 1756; 

F. von P. FRIESNECKER, 1792; 

J.S. Bure, 1817; 
J.J. VON LitTRow, 1819; 

K. L. von Littrow, 1841; 
Prof. Dr. EDMUND WEISS. 

Assistants: 1. JOHANN PALISA. 
2. Dr. JOHANN HOLETSCHEK. 

Aids: 1. KARL ZELBR; 
2. Dr. J. v. HEPPERGER. 

The first observations made in Vienna were undertaken in 1745 by 

the Jesuits, J. FRANGOIS and J. LIESGANG. A permanent Observatory 

was founded in 1756. It was rebuilt from 1820 to 1826, and located 

among the University buildings. In 1874 anew establishment on a 

greatly enlarged scale was erected at Wiihring, outside the town, and 

completed in 1879. An equatorial of GRUBB’S, with a focus of 32 feet 

(9.7) and an aperture of 27 inches (0™.70) is to occupy the great dome. 

INSTRUMENTS: 

(a) Meridian circle: made by CHRISTIAN STARKE, at Vienna, (after 
the example of the meridian circles of REICHENBACH); diameter of cir- 

cles, 36 inches; divided to 3’; read by four microscopes to single seconds; 

aperture of objective, 48 inches; magnifying power ordinarily employed 

120 diameters. 

(b') Prime vertical: maker, CHRISTIAN STARKE; aperture, 50 inches; 

magnifving power, 120 diameters. 

(c) Equatorial instruments: one, made by ALVAN CLARK & Sons; 
aperture of objective, 113 inches; magnifying powers of eye-pieces, up 

to 1200. (c’) One, made by FRAUENHOFER; aperture of objective, 6 

inches; magnifying powers, up to 600. 

(d) Spectroscopes: one small star spectroscope; one ZOELLNER’S solar 

spectroscope. 

(g) Clocks: two mean time; makers, ULZSCHNEIDER, at Munich; Vo- 
RAUER, at Vienna; several sidereal; makers, MOLYNEUX (London); 

AvCcH (Gotha); GRAHAM (London); and a few, more or less accurate. 
(h) Chronometers: mean time; maker, ARNOLD; sidereal, makers, 

KESSELS, MOLYNEUX. 
(i) Miscellaneous: An equatorial with adaptation for various latitudes, 

the 6-inch objective by STEINHEIL, the mounting by SCHAFFLER. Two 
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refractors of 4-inch aperture; one of them not equatorially mounted, 
One equatorial of 3-inch aperture, adapted for various latitudes, object- 
ives by FRAUENHOFER. One equatorial of 3-inch aperture, by Dot. 
LOND. One dialitic equatorial of PLOsSEL, of 5 inches. One comet- 
seeker, of 6-inch aperture, and 4 feet focal length, by Merz; mounted 
equatorially on the principle of VILLAREAU, by SCHNEIDER. One 
comet-seeker of 3-inch aperture by PLOSSEL; one of 24 inches, by STEIN- 
HEIL. Besides these, various smaller portable transit instruments, the- 
odolites, sextants, Ge. 

OBSERVATIONS DURING THE PAST YEAR (1880—June, 1881): 
(a) Adapting instrument to the new Observatory; not regularly in 

use. Mostly used for determination of clock error, &e. 

(b’) The same remarks applicable. | 

(c) (c’) Observations made of asteroids and comets. 

WORK PROPOSED FOR THE COMING YEAR (1881-1882): 
Continuation of observations of asteroids and comets, with the two 

equatorials: Zone observations (re-observations of stars observed by 

SANTINI, between decl. 0° and 10°) with the meridian circle. If the 

large equatorial of 27 inches by H. GruBB, at Dublin, can be mounted 
in due time, observations with it will be commenced at once; but the 

plan of operation is not yet settled. 

PRINCIPAL PUBLICATIONS DURING THE YEAR (1880): 
EB. Weiss; “Annalen der K. K. Sternwarte in Wien,” iii Folge, Bd. 

29, Vienna, 1881; 1 vol., 226 pp. 

E. Weiss; “Ueber die Bahn der Kometen 1843 (I), and 1880 (d).” 

Akad. d. Wiss. in Wien, 1880; 1 vol., 20 pp. 

E. Weiss, “Ueber Berechnung der Differentialquotienten in stark 

excentrischen Bahnen.” Akad. d. Wiss. in Wien, 1881; 1 vol., 11 pp. 

J. HoLeTscuEeK; “Bahnbestimmung des Planeten Peitho.” Akad. 

d. Wiss. in Wien, 1881; 1 vol., 15 pp. 

ADDITIONAL INFORMATION: 

The principal instrument of the Observatory will be an equatorial of 

27-inch object-glass, and about 32 feet focal length, manufactured by 

Howarp GRuBB at Dublin; but it is not yet out of the contractor’s 

hands. The first Assistant, Mr. J. PALISA, re-discovered Juewa (139), 

February 23, 1881; and discovered asteroid (220) May 18, 1881. 

WIEN, (Josephstadt,) Austria. 

Observatory of the High School of Technology. 

Longitude from Greenwich, 1? 5” 25°.3 E. 

Latitude, 48° 12/ 53’.8 N. 

Directors: J. HERR, 1869; 

W. SINTER, 1870. 

Founded in 1865 at the southwestern extremity of the city; com- 

pleted in 1867. 
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WILHELMSHAVEN, Germany. 

Kaiserliches Marine Observatorium. 

Longitude from Greenwich, 32™ 355.21 E. 
Latitude, 53° 31! 52.2 N. 

Authority for longitude: Astronomische Arbeiten des kgl. preuss. 
geodiitischen Instituts fiir 1878. Latitude, own observations of zenith- 

stars with meridian circle. 
Director: C. BORGEN, Dr. phil., 1876; 
Assistants: P. ANDRIES, Dr. phil. ; 

Lieutenant zur See, HARTMANN. 

Founded in 1875; completed in 1878. 

INSTRUMENTS: 

(a) Meridian circle: one; makers, A. REPSOLD SOHNE, in Hamburg; 
diameter of circles, 21.6 inches, divided to 2’; read by 4 microscopes, 

each to 0.1; aperture of objective, 44 inches; magnifying power ordi- 

narily employed, 125 diameters. 

(b) Meridian transit instruments: one portable, by C. BAMBERG, Ber- 
lin; aperture, 14 inches. 

(c) Equatorial instruments: one, by STEINHEIL SOHNE, in Munich; 

aperture of objective, 4 inches; magnifying powers of eye-pieces, 48 to 

360; ring-micrometer. (c’) One, STEINHEIL SOHNE; 23 inches aper- 
ture; magnifying power, 24 to 150. 

(f) Chronograph: one, by FuxEsS, Berlin. 

(g) Clocks; mean time; one, by EPPNER, Berlin; sidereal; one, by F. 

TIEDE, Berlin (standard clock). 
(i) Miscellaneous; A complete set of LAMONT’S instruments for ob-. 

serving the variations of the magnetical declination, horizontal force, 

and inclination. 

LAMONT’S magnetical theodolite; dip-circle by DOVER; self-register- 

ing barometer and anemometer (ROBINSON); meteorological instru- 
ments; self-registering tide-gauge; time-ball. Since September, 1880, 

a self-registering tide-gauge, devised by Mr. RE1ITz, of Hamburg, has 

been erected in Heligoland and placed under the control of this Observ- 

atory. 

OBSERVATIONS DURING THE PAST YEAR (1880): 

(a) Observations for time and determination of places of the occulta- 
tion-stars of the Nautical Almanac. 

(b) Only used for practical instruction. 

(c) (c') Comet Swift (1880c). Occultations of stars, 
(i) Meteorological observations (three times a day, usual weather re- 

cording and registering of barometer and anemometer, read hourly), 

magnetical observations; every second hour from 8 a. m. to 10 p. m. 

readings of the variation instruments, and every month one or two ab- 

solute determinations of magneticelements. Tide registerings here and 

in Heligoland. 
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WORK PROPOSED FOR THE COMING YEAR (1881) 
Same as 1880. 

PRINCIPAL PUBLICATIONS OF THE OBSERVATORY DURING THE 
YEAR 1880: 

1. ‘“Meteorologische Beobachtungen,” published in the “Annalen der 
Hydrographie,” vol. viii. 

“Gezeiten Tafeln fiir 1881,” published by the Hydrographic Office ot 
the Admiralty. 

3. Dr. BORGEN: “Gezeitenstrémungen im Canal und der Nordsee,” 

published in the “Annalen der Hydrographie,” vol. viii. 
4. Dr. BORGEN: “ Ueber die tigliche Ungleichheit in den Gezeiten,” 

published in the “Annalen der Hydrographie,” vol. viii. | 
5. Dr. BORGEN: “Chronometer Untersuchungen, 1578-1880,” pub- 

lished in the ‘“‘Annalen der Hydrographie,” vol. viii. 

6. Dr. ANDRIES: “ Ursache des niedrigen Luftdrucks auf der Siid- 

hemisphire,” published in the “ Zeitschrift fiir Meteorologie,” vol xv, 
p. 53. 

ADDITIONAL INFORMATION: 
A time-ball falls twice daily, in local and in Greenwich noon. Be- 

sides, the nautical school at Elsfleth receives twice a week telegraphie 

time-signals. . 
The “Gezeiten Tafeln” are computed at the Observatory and extend 

now to 7 German, 6 British, and 2 French ports. The second part, con- 

taining information about currents, &c., is worked out at the Hydro- 

graphic Office of the Admiralty, which publishes the whole. 

WILLIAMSTOWN, Victoria. 

Observatory. (See Melbourne.) 

Longitude from Greenwich, 9" 39™ 38°.8 E. 

Latitude, 37° 52! 7.2 8S. 
Director: ———? 

WILNA, Russia. 

See Vilna. 

Winpsor, New South Wales. 

Private Observatory. 

Longitude from Greenwich, 10° 3™ 215.7 E. 

Latitude, 33° 36’ 28.9 S. 
Director: JOHN TEBBUTT 

_-§, Mis. 31-——47 
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ZI-KA-WEI, China. 

Observatory. 

Longitude for Greenwich, 2 
Latitude, 2 

Director: 2 

ZURICH, Switzerland. 

Sternwarte des schweizerischey Polytechnikums. 

Longitude from Greenwich, 34™ 12.6 E. 
Latitude, 47° 22’ 40” N. 

Authority for latitude and longitude: Astronomische Mittheilungen 
von Dr. RUDOLF WOLF. 

Directors: J. H. WASER, 1773; 
J. FEER, 1787; 

J. ESCHMANN, 1823; 

RUDOLF WOLF, 1860; 

Assistant: ALFRED WOLFER. 

Founded in 1773 upon the Carolus Thurm (Charles’ Tower), through 
the efforts of the Zitirich Society of Naturalists. Abandoned from 1798 

to 1805. In 1810 a new Observatory was erected east of the Carolus 

Thurm; this was abandoned in 1852. Finally in 1860 the Observatory 
was rebuilt at the Polytechnikum, where it was inaugurated in 1863. 

INSTRUMENTS: 

(a) Meridian circles : two; makers, KERN, in Aarau, ERTEL, in Munich; 
diameter of circles, 20 inches; divided to 2’; read by 2 microscopes to 

0.1’; aperture of objective, 5.3 inches; magnifying power ordinarily 

employed, 120.80. 

(c) Equatorial instruments: makers, KERN, in Aarau; aperture of 

objective, 6inches; magnifying power of eye-pieces, 60t0 500. (c’) MERz, 

in Munich, 34 inches; 64 to 212. 
(d) Spectroscope: one by MERZ, in Munich. 

(f) Chronographs: four by Hipp, in Neuchatel,and HASSLER, in Aarau. 

(g) Clocks : mean time; makers, Association ouvriére au Locle; sidereal ; 
maker, SILVAIN MATRET au Locle. Also several pendulum clocks, among 
which one by REPSOLD. 

(h) Chronometer: sidereal; seconds chronometer; maker, BUZEN- 
GEIGER. 

(7) Miscellaneous : Several astronomical theodolites, meteoroscopes, 
panagenprisms, &c¢.; also historical collection of antique instruments. 

OBSERVATIONS DURING THE PAST YEAR (1880): 

(a) Time determinations; refraction, &c.; moonstars. 

(c) (e’) Sunspots; planets, &e. 

(2) Shooting stars. 
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WORK PROPOSED FOR THE COMING YEAR (1881): 

Continuation of former series. 

PRINCIPAL PUBLICATIONS OF THE OBSERVATORY DURING THE 

YEAR (1880) : 

R. WoLF, Astronomische Mittheilungen, published in “ Vierteljahrs- 

sehrift der Naturforschenden Gesellschaft in Ziirich.” 

ADDITIONAL INFORMATION: 

‘The Observatory of the Polytechnikum is mainly used for the prac- 
tical training of the students. The scientific results are voluntary 

contributions by the director and assistant. 
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